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Digital Subtraction Angiography 





ha - rs ARE ; 


Outstanding Picture Quali 
at a Low Price 


Quantel's totally new Files y in video processing, developed 
over 15 years for the TV world, make IDIS a truly revolutionary 
product. Previously time consuming and complicated 
angiography tasks can now be performed in seconds — and you 
don't have to be a computer programmer to operate IDIS. As the 
development costs were borne by the broadcast industry the 
price for IDIS is surprisingly attractive. 

IDIS is easy to install too. All you need is a simple coaxial cable 
connected to the fluoroscopic output of your system. No air 
conditioning or special power is needed, just plug it in to a 
standard domestic socket and IDIS is ready for action. Use of high 
density multi-layered printed circuits result in a small compact 
unit — easily wheeled from room to room. 

For the technically minded, IDIS uses — Analogue/Digital 
converters to digitise signals at 10 million samples per sec; 
Recursive Video Processor for real-time noise reduction; State-of- 
the-art 32 bit microprocessors for fast digital calculation; 168 
Mbyte Winchester disks for vast picture library; new technology 
10 Mbyte removable floppy disk cartridges. Features such as 
Matched Temporal Filtering, Spatial Filtering, Interpolated Zoom 
and Dynamic Contrast Adjustment give startlng picture clarity and 

versatility to optimise accurate diagnosis. 
F IDIS leads the field in DSA and is backed by Quantel's world 
acclaimed service. 






Wi JDUANTEL LIMITED. Kenlev House. Kenlev Lane Kenlev SurrevCR2I6VR Enaland Tal-01-AA2 4161 TdavPOAKAA2ZNIIANTI A 











Five main advantages 
ensure that the 57cm Image 
Intensifier and 100mm Cut 
Film Camera SIRCAM® 100L 


TS57 from Siemens - provide optimum results ir 
decision making ideas for ^dantage1 


Significantly reduced 
| Hh " dose: often greater than 5096 
om, 
ch es [ ad i a C) n Q S IS reduction when compared 
~~ with conventional film screen 
radiology technique. 


Advantage 2 
Reduced film cost: 
approximately 85% material 
film cost saving compared with conventional 35x43cm 
Cassette format. 


Advantage 3 

Reduced space requirement for film archive: 
smaller film format facilitates reduced film archive space 
requirements. 


Advantage 4 
Shortest exposure times: typically 5mS with the 30kW 
high frequency POLYPHOS® 30M generator. 


Advantage 5 

Future orientated: suitable 
for future extension to digital 
techniques, 


TS57- An integrated chest 
examination system incor- 
porating indirect technique for 
chest radiography with mini- 
mum dose, reduced revenue 
cost and excellent results — 
time and time again. 











For more information contact: 


Siemens Limited 

Medical Division 

Siemens House 

Windmill Road 
sunbury-on-Thames 
Middlesex TW16 7HS 
Telephone: (0932) 785691 
Telex: 8951091 


Setting Standards in-Diaannastic 
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Radiotherapy Planning System 
with new improved hardware 
and state-of-the-art software, 
at a 20% lower price 


Features: 

e 75 MByte Winchester Disk Drive 

e 60 MByte Back-Up Data Streamer 

e 1.2 MByte Floppy Disk Drive 

e Unmatched Accuracy 

e Multi-User Capability 

e Multi-Tasking Software 

e Upgradeability to Theraplan L 
with CT Interface 


275 AECL Planning Systems Installed 
Worldwide 


For information; 


413 March Road 
P.O. Box 13140 
Kanata, Ontario 
Canada K2K 2B7 
613-591-2100 
Telex: 053-4982 


U,K. and ireland representative: 
Dartin Medical 061-4991312 





The Radiological Research Trust 


THE PATRICK GROVE 
MEMORIAL FELLOWSHIP 


For research into diagnostic or therapeutic 
work with radioisotopes 


Amersham International plc have 
funded this fellowship through the 
Radiologica! Research Trust to encour- 
age young men and women to pursue 
original work in the United Kingdom. 


Applications are invited from heads of 
departments and others in appropriate 
administrative positions in the UK, or 
from individuals worldwide (who 
should enclose a supporting letter from 
the United Kingdom department in 
which they wish to work). 


The application should include a fuli 
curriculum vitae of the candidate, who 
shouid be a medical or non-medical 
graduate. It should state the purpose, 
background and plan of investigation of 
the projected research, and explain how 
this would fit into existing and pro- 
jected departmental work. 


The initial fellowship is for 3 years 
and will cover salary in the region of 
£15,000 pa, together with modest 
departmental expenses. 


Closing date: September 1st 1986 
Reply to: Professor G. H. du Boulay CBE, 
The Radiological Research Trust, 36 
Portland Place, London W1N 3DG. 











WE COVER THE CHINKS 
IN YOUR ARMOUR 


The knights of old had two main probiems with 
their suits of armour. Not only were they 
unbearably heavy, but there were some parts that 
were still not protected properly! Many modern- 
day lead aprons suffer from the very same 
problems. 


The new Adjust-A-Weight S/P from E-Z-EM at last 
offers you everything you want in a lead apron, 
whilst providing the answer to all your concerns 
about true protection from radiation. 


WB Superior wrap-around design gives full all- 
round protection — not just front and back. i h 



















@ The unique Adjust-A-Weight principle 
allows you to transfer weight between the 
Shoulders and back for maximum comfort. 


B Choice of easy-clean nylon 
or vinyl material in a wide 
range of colours and 
flexible trims. 


B Smart front pocket for 
pens and markers, 


Colour catalogues and prices 
for this new E-Z-EM product range 
are available from the X-Ray 
Division, Henleys Medical 
Supplies Ltd. 





Lo Ji row 


E-Z-EM LEAD APRONS - FOR COMFORT AND EZ EM 


FULL PROTECTION | | 
HENLEYS MEDICAL SUPPLIES LTD. L d 


LONDON N8 ODL TELEPHONE: 01-889 3151/6 TELEX: 28942 HENLEY G 
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Is complete, 








in Europe. 


loshiba Ultrasound, € omputer Tomography, 
Nuclear Medicine. Magnetic Resonance Imaging, 
synonymous with the ultimate in diagnostic imaging 
are joined by a fifih imaging modality in Europe: 
loshiba X-Ray. 

More than 70 years ago loshiba introduced 
Japan's first X-Ray tube and has consistently won 
international acclaim for the high standard of tech- 
nical precision to which our X-Ray equipment are 
built. 

loshiba X-Ray is now available in Europe. The 
range and diversity alone is impressive: angio- 
graphic systems, digital-subtraction systems, radio- 
graphic/fluoroscopic systems, computed radiogra- 
phy systems, no matter what your requirements, a 
loshiba system can be custom made to meet them. 

loshiba has already established their European 
organisation some time ago. Toshiba can offer you a 
fast and reliable service. 

For further information, please contact the 
branch-office or European head-quarter as listed 
below. 





Toshiba X-Ray: widening 
the scope of diagnosis. 


TOSHIBA 


loshiba Medical Systems Ltd., 16, Barclay Road. ¢ roydon 
CRO 1 JN, United Kingdom Tel (01) 681 171, telex 946154 
loshiba Medical Systems Europe, Schieweg |, 2627 AN Delft / 
Holland, Tel. (05)610121. ( 
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Get Essential Accessories For Your 
Capital Equipment Purchase—From RMI 









Progressive medical centers around the world are 
choosing RMI when making capital equipment pur- 
chases: saving thousands of dollars on equipment 
maintenance. down-time and retake costs 


At RMI. we specialize in featuring a straightforward. 
comprehensive ‘“‘cook-book™ approach to quality 
assurance programs. With our tools for Rad/Fluoro 
systems, Ultrasound, DSA, CT scanners. and 
Radiotherapy, vou can begin accumulating data for 
quality assurance programs with your first application 


[he cost of RMI's devices can easily be included 
when negotiating the price of your new equipment 
When making your purchase. specify RMI' s Quality 
Assurance Tools—they re the quickest, most conve 
nient way to initiate a proper QA program 


Divital kVp Meter Model 230. Strong, easy to travel 
with, no orientation dependence. Normal filtrations and 






i: distances need no correction tables 
Call RMI today for details and more information 


® Radiation Measurements, In Vinten Instruments Limited 
'617 Donna Dr P.O. Box 327/ Middleton. WI 53562 lessamy Road. Wevbridge. Surrey. England KTI3 SLE 
Felephone: 608-83]1-HLISN'TWN. 910-380-2524 Telephone: (0932) 57711. TLX: 929823 










Criteria and Methods for Quality Assurance in 
Medical X-ray Diagnosis 


Proceedings of a Scientific Seminar organised by the Commission of 
the European Communities and the Centro di Ricerca Applicata e 
Documentazione, held in Udine, Italy, 17-19 April 1984 


British Journal of Radiology Supplement 18 


The contributors to this Seminar came from 15 European countries, the USA and 
Canada. All aspects of Quality Assurance were discussed: the concepts and 
implementation of QA, the involvement of research, professionals, industry and 


governments, and the technical aspects of equipment testing, image quality, 
information content and dose- and cost-reduction. 

The proceedings give an up-to-date picture of the state of the art in QA and will be 
of interest to radiologists, radiographers, health physicists, radiation protection 
scientists, equipment manufacturers and administrators of health care programmes 
and radiation protection. 


About 200pp; illustrated Price £16.00 including postage and packing 
ISBN 0 905749 12 X 

ISSN 0007 1285 

Orders to: 


Publications Department, The British Institute of Radiology, 36 Portland 
Place, London W1N 3DG (Tel: 01-580 4085) 








Unforgettable 


The new range of catheters from E. Merck offers you an 
outstanding combination of properties. 


Small French size with thin wall for good flexibility 
- less risk of trauma 











Co-polymer material allows excellent torque control 
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Large lumen for high flow rates 





— 








Low risk of bursting — burst pressures 1500 psi (5F) and 1800 psi (6F) 














Flexibility, manoeuvrability, and high flow rates 
~an outstanding combination. 


MERCK 


CATHETERS 


Fine catheters with 
exceptional performance 


A NEW MERCK SERVICE TO RADIOLOGY 





MERCK E Merck Limited, Four Marks, Alton, Hampshire GU34 SHG. Telephone: 0420 64011 
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Experimental Results of CL-1800 Accelerator Guide 
Output Electron Energy Spectrum 


Relative Beam Intensity 
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Breakthrough 
The Switch Guide - 
a Unique Product! 


For the first time, an advanced standing wave Linear Accele- 
rator produces two widely separated, yet perfectly optimized 
X-ray beams thanks to the unique Varian switch quide! 


Currently, Varian switch guide accelerators are being shipped, 
installed and are treating patients all over the world. 


In fact, the Clinac 1800, S.No. 9, shipped on October 21, 1984 
to Vrije Universiteit Amsterdam, was the 1000th medical 
Accelerator manufactured by Varian — a "milestone" serving 
the medical community now. 


Scandinavia: 58 Jyllingevej / DK-2720 Vanioese / Denmark / Phone (01) 747100 


UK and Ireland: Gatwick Rd. / Crawley Sussex RH 10 2RG / Great Britain / Phone (0293) 312 44 


Europe: Steinhauserstrasse / CH-6300 Zug / Switzerland Phone- (042) 44 BB 44 
Germany: Alsteiderstrasse 6 / Postlach 111154 D-6100 Darmstadt / Phone: (06151) 7030 


Asia: Room 1018-20 / Tower A / Mandarin Plaza / TST East / Kowloon / Hong Kong / Phone 3-72 


. Australia: 781 Pacific Highway / Chatswood, N.SW. 2067 / Phone: 411-1277 
varian USA: 611 Hansen Way / Palo Alto / California / Phone: (415) 424-6206 





PHILIPS 





Integrated systems technology 








High performance and versati- 
lity in minimum space mark the 
concept of this unique compact 
DIAGNOST 1 
® a comfortable floating table-top 
for effortless operation, 

9 a microprocessor controlled 
X-ray generator integrated 
beneath the table. 


®@ à central control panel with 
programmed functions for 
simple pushbutton operation, 

@ a special low absorption table- - 
top for top-quality radiographs, 

@ simple change-over from 
Bucky operation to tomography 
adds to total versatility and 
efficiency 


sure sign of quality imaging 


the fully integrated 
Bucky system 















Expedient low-cost installation 
without ceiling suspension - 
the overall economic and space 


saving solution. 


Philips Medical Systems 


Kelvin House 


63-75 Glenthorne Road. 


Hammersmith, 
LONDON, W6 OLJ 


pHiups| Medical 


- Systems 


Cut patient xray doses in half. 


Erbium x-ray filters reduce patient dosage up 
to 50% without loss of radiographic quality. 
Operator doses are also significantly reduced. 


Erbium transmits only x rays that contribute to 
the radiographic image while absorbing the dose- 
producing photons at the low and high energy 
ends of the spectrum. 

Erbium filters have demonstrated significant dose 
reduction for a variety of techniques including: 


E Skull and abdominal 





examination 
WE Cerebral angiography 
M intravenous 
urography 
M Pediatric fluoroscopy 
"Tenn s x] mtm metum 


Our representative In the U.K.: 


John Caunt Scientific, Ltd. 
Oakheld Industrial Estate Eynsham, Oxford OX8 1JA Tel: Oxford (0865) 880479. Telex: 838862 JCS A 


FOR THE RADIOLOGIST WHO WANTS UP-TO-DATE 
INFORMATION ON THE STATE OF RADIOLOGY TODAY: 


Clinical 
Radiology 


Journal of the Royal College of Radiologists, London 


With up to 20 original papers each issue, Clinical Radiology presents the 
latest research in radiodiagnosis, oncology and allied subjects including 
computed tomography, nuclear medicine, medical ultrasonography and 
NMR imaging. Review and original articles are clearly laid out and well 
illustrated with radiographs, CT, US and NMR scans. In addition, the reader 
is kept informed of current events via a comprehensive selection of book 
reviews and notices of worldwide radiological happenings. 


Enquiries to: Clinical Radiology, 36 Portland Place, London W1N 3DG. 
Tel: 01-631 1169. 


Clinical Radiology. Published bimonthly by the Royal College of Radiologists. Subscription to non- 
members £36.00 (US$80); free to members. 
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The lonex Dosemaster is what every on entering the chamber serial number 
Phvsicist has been looking for these parameters are brought into use. 

It is a more sophisticated and less However, without knowledge of the 
laborious way to calibrate, password no changes or 


monitor and record THE DOSE additions to the stored 
radiation dose. information are | 

As an all new and possible. 
all embracing dose MANAGEMENT In short, it provides the 


management system, the means to calibrate and 


Dosemaster goes way SYS | EM measure radiation, at all 
beyond the capabilities of levels both accurately and 
any ordinary quickly. 
dosemeter. THAT PHYSICIS | S DUAL-CHANNEL MODEL 


MORE FACTS AND The two-channel 


FIGURES CAN ) T MAN AGE model is ideal for 
Dosemaster ratio techniques | 

comprises a visual display, W 7 [ | | | IT and may also be used for 

dedicated function keys () A two simultaneous and 


and a numeric keypad. completelv indepen- 
And for the physicist, dent measurements 

it will fill its 9in. CRT 

screen with integrated 

dose, mean dose rate, 

elapsed time, all 

correction factors 

applied and calibration | 

data. All this in 

large, clear 

numerals and with 

a choice of units - 

URS faa, rem. 

"Clkg', “Gy” or "Sv" 
Without prompting, 

the Dosemaster will high- 

light any out-of-limit 





So, if vou are a 
medical physicist 
then get onto a good 
thing: get on the 
‘phone and ask us 
about the Dosemaster 
NOW! 

Alternatively, 

use the coupon 

and we will send 


you full technical 
| è details. 





























aor p ! Please send me full | 

parameters and will ae PL? was $ information about the 

even double check Le oc A | 2590 Dosemaster i 

its own readouts. And E A i i 

then, on request, it will ae po 
print a complete report of 1 Organisation i| 
the measurement with all f ) m" 

relevant information included. ! Am | 

| Dosemaster stores all ionisation F , | 

chamber parameters in its memory and | | 
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Telephone: Reading (0734) 712121 Telex: 848475 mmm . Enterprises , 
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A NEW LIQUID BARIUM SPECIFICALLY 
FORMULATED FOR DOUBLE CONTRAST 
BARIUM ENEMAS 





THE COLON ADMINISTRATION UNIT (CAU) 


Presentation A pre-filled enema bag containing a new stable high concentration suspension (160% w/v) for 
double contrast visualisation of the colon. Designed to minimise the possibility of cross 
infection, the CAU facilitates ease of mixing 


Preparation CAU's are pre-filled with 400m! of 160% weight volume barium suspension which is diluted 
with hot water: 
200-300ml for maximum density, or patients prepared by ‘‘washouts’’ 
350-400ml for optimum balance and faster flow or for patients prepared by oral aperients 


Packed in cases of 10 complete units available with or without “airline” tip 


For samples and further information, contact: 


Mrs Annette Drake, Concept Pharmaceuticals Ltd, 
The Old Coach House, Amersham Hill, High Wycombe, HP13 6NQ 
Telephone: (0494) 451938 Telex: 837824 Facsimile: (0494) 447456 


Meets all the needs 
of Computer Tomography 


E Excellent resolution images are obtained with high 
performance detector and high density data sampling. 

E High-speed scanning 

ll Scanning conditions: Preset type 

ll image display monitor and character display monitor 
are provided. 

E Variety of programs are provided for image treatment. 


WHOLE BODY X-RAY CT SCANNER 


SCT-2000T 
~Shimadzu. 
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SHIMADZU CORPORATION, INTERNATIONAL MARKETING DIV 
Shonmuku-Metsu B ing T Nehish "LN WC TN Toyo 16f 
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CHRISTIAN MEDICAL COLLEGE 


Challenging positions are now available 
for: 


Professor Radiodiagnosis 
(minimum 8 years’ teaching experience) 


Associate Professors 
(minimum 6 years’ teaching experience) 


Senior Radiologists 


(could be a retirement post) 


A Siemens CT scanner, two ultrasound 
units, nuclear medicine, neurovascular, 
renovascular and GI radiology provide 
excellent opportunites for teaching and 
research. Generous study and conference 
leave. Eight trainee radiologists. 1400 
bed teaching hospital. 


For details apply with CV to: 

The Radiologist-in-charge, X-Ray 
Department, Christian Medical College, 
Vellore 632004, South India. 





Repnnted from British Journal of Radiology, 1982, 
55, 505—510 


Fractionation study: 
Radiotherapy of the laryngo- 
pharynx 


Seventh interim progress report of the 
BIR fractionation study of 3F/week vs. 


5F/week in radiotherapy of the laryngo- 
pharynx 


Reprints, price 50p each, available from: 


Tel 01-580 4085 


(Remittance with order please) 





THE BRITISH JOURNAL OF 
RADIOLOGY 
RATES FOR ADVERTISEMENTS 


Effective 1 October 1985 


1-5 6-11 12 


Whole page 175-00 165-00 155.00 
Half page 90-00 85-00 80.00 
Quarter page 50-00 47:00 45.00 
Eighth page 3400 32:00 30.00 


Standard second colour 


per page axtra 135-00 130-00 125.00 
Special second colour 

per paga extra 150-00 143-00 135.00 
Four-colour page 630-00 600-00 565.00 


Series rates are allowed for block bookings 


only 
Agency commission 1094 
Publisher's discount 1096 


COPY DATES 1986 


January 18 Nov 1985 July 16 May 
February 16 Dec August 18 June 
March 17 Jan 1986 September 18 July 
April 18 Fab October 18 Aug 
May 18 March November 19 Sept 
June 18 April December 17 Oct 


All applications for. space and queries to: 


Advertisement Department 


The British Joumal of Radiology 
36 Portland Place, London WIN 3DG 


Tal. 01-631 1168 
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| g Eighth 
d „ London Ultrasound Course 


November 3-7th 1986 
Skyway Hotel, Hayes, Middx. 


This course in clinical ultrasound is designed to cover non-obstetric abdominal scanning in depth. 
but will also cover some non-abdominal applications 

The course will consist of a combination of lectures, tutorials and supervised practical scanning 
tuition on state of the art scanners. 

The course will be limited to 60 participants 


Course leaders: David Cosgrove, Keith Dewbury, Hylton Meire 


Further information from: 
Dr. H. B. Meire, X-Ray Department, 
King's College Hospital, 
Denmark Hill, London SE5 9RS 





BASIC CLINICAL ULTRASOUND 


by Hylton B Meire 
and 
Pat Farrant 


This book is a basic introduction to the technical 
aspects and clinical applications of diagnostic 
ultrasound. It is aimed at trainee radiologists and 
radiographers with little or no previous knowledge 
of the subject. The text is augmented by line 
diagrams, selected ultrasound scans and compre- 
hensive clinical and technical glossaries. 

“| recommend this excellent book without 
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Low-attenuation materials and rare-earth screens in 


radiodiagnosis 


Statement by the British Institute of Radiology 


The International Commission on Radiological Pro- 
tection (ICRP) recently (ICRP, 1985) re-emphasised 
their earlier advocacy (ICRP, 1982) of the more 
widespread adoption of techniques to reduce the 
radiation dose to the patient, in particular the use of 
rare-earth screens and of low-attenuation materials 
such as carbon fibre to replace the materials currently 
used in the primary beam. 

The British Institute of Radiology wishes to 
commend these techniques. The old-type tungstate 
screens are still in widespread use in the United 
Kingdom and they should be phased out in the near 
future in favour of rare-earth screens, Although there 
may be special circumstances when traditional screens 
are preferred, the image quality obtained with modern 
rare-earth screens is generally acceptably high, and the 
combined screen and associated film cost differential 1s 
now insignificant. Furthermore, since their use leads to 
various other savings, such as increased tube life, their 
benefit is not limited to reducing the radiation 
detriment of diagnostic radiology. New apparatus 
including cassettes should be fitted with low-attenuation 
materials such as carbon fibre matenal and fibre 


interfacing in grids. Consideration should be given to 
incorporating these materials in old machines. This i$ 
particularly important for X-ray equipment giving a 
high dose to the patient, such as fluoroscopy sets. 
Although not yet implemented in the UK the EEC 
Directive 84/466 requires the establishment of criteria of 
acceptability for radiological installations and that all 
installations which no longer meet the criteria should be 
taken out of service or replaced. The advice given here 
is consistent with this Directive. Furthermore, the 
application of these methods of dose reduction will 
conform with the Ionizing Radiations Regulations 
(1985) Section 33(1) which state that medical exposures 
should be carried out on apparatus which restricts as 
far as is reasonably practicable the exposure to ionising 
radiation of any person undergoing a medical exposure. 
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Book review 


Multiple Pronary Cancers in Connecticut and Denmark. NCI 
Monograph 68, pp. 430+ appendix, 1985 (National Institutes 
of Heaith, Bethesda, USA) 

Copies are available only from: Superintendent of Documents, 
US Government Printing Office, Washington DC 20402, USA. 


This monograph presents detailed analyses of second primary 
cancers from two long-ostablzhed populaton-based cancer 
registries. The first section of the book provides a welcome 
update of matenal from the Connecticut Tumour Registry, 
covering registrations from 1935 to 1982; in the second part, 
data from the Danish Cancer Registry, covering the whole of 
Denmark from 1942 to 1980, have been analysed in a simular 
way for this joint venture 

For each registry, the results for main anatomical systems 
are presented in chapters by different authors In total, 35 
individual sites are conmdered as both index and second 
primary stes, with observed and expected numbers of second 
primaries together with the relative risks displayed in standard 
tables by tune intervals from the mdex primary. In the 
Connecticut section additional tables give a further breakdown 
for long-term survivors (10 years or more) and for treatment 
(radiotherapy versus other treatment) at appropriate gites. The 
latter tables will be of interest to the radiotherapist but the fact 
that allocation to the treatment groups was not random should 
be taken into account. 

Although there is some disparity between the results from 
the two regustries—and the reader is advised to note the 
differing reporting and recording practices for registration 
before making compaerisons——there is sufflaent concordance to 
identify certain constellations of sites which have emerged with 
elevated rks, notably those associated with tobacco or 
alcohol usage, hormone- or diet-related ates and those which 
might be attributed to treatment of the first cancer. In 
addition, many other significant associations are identified 
which will provide a stimulus in the search for further 
actiological factors by other epidemiological methods The 
analyses are based on over 30000 second primary cancers but 
more than a further 8000 known cases were excluded for 
various reasons and it is not clear what effect this loss of 
information has on the estimated relatrve risks. 

As they stand, the results of the analyses are of clinical 
importance m indicatmg areas of high risk where a second, 
treatable cancer might occur. It is perhaps a matter for regret 
that chemotherapy could not be addressed in this otherwise 
commendable volume. 

The monograph provides a wealth of information mainly in 
tabular form but the accompanying text is concise and 
informative, with discussions weighing the evidence both for 
possible actiological and for confounding factors. Reference 
sections are appended to each chapter and although there is 
some overlap, the practice is to be commended. Although 
primarily a reference book, the inquinng chnxian or 
epedemiologist will want a copy to hand, 

P. Prror 
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Radiation protection in radiography in the United Kingdom 


The book of radiologist martyrs (Holthusen et al, 1959) 
contains over 300 names. It is not surprising that 
"radiation protection" in radiodiagnosis for decades 
had its emphasis on protection of the staff, despite the 
failure to demonstrate, 1n a large series, any increased 
mortahty in radiologists currently in the profession 
(Smith & Doll, 1981) and the knowledge that the 
patient exposure is thousands of times larger than that 
of the staff. The new Ionizing Radiation Regulations 
(Department of Health and Social Security (DHSS), 
1985) largely continue in the vein of staff protection. 
This is not unexpected as they arise from the Health 
and Safety at Work Act. It seems, however, very 
unlikely, but for the exception noted below, that their 
application will result in the staff in diagnostic X-ray 
departments receiving any less exposure. There are new 
officers appointed to supervise new documentation and 
details such as new notices but, in practice, the worker 
will notice little change. This 1s an indication of the high 
standards pertaining in radiation protection of staff in 
medicine in the United Kingdom in the recent past. 

The Regulations do however contain one small 
section, 33, which reads in part: 


“Equipment used for medical exposure 

33—(i) Every employer shall ensure that any 
equipment or apparatus under his control which is 
used in connection with a medical exposure is of 
such design or construction, and is so installed and 
maintained as to be capable of restricting so far as 1s 
reasonably practicable the exposure to 1ionizing 
radiation of any person who is undergoing a medical 
exposure to the extent that is compatible with the 
clinical purpose or research objective in view.” 


This section will have far reaching consequences. For 
the first time we have a legal obligation to use only 
apparatus which gives as small a radiation dose to the 
patient as possible. Recent developments, and not so 
recent developments, offer the ability to reduce 
substantially the dose to the patient. Rare-earth 
fluorescence was identified early this century and rare- 
earth screens have been available for some time. Early 
examples were unsatisfactory because their speed 
deteriorated rapidly, but current examples have a 
normal life span and offer, for a given grain size, at 
least a halving of the radiation dose compared with the 
old-type tungstate screens (Christensen et al, 1978). 

Rare-earth screens cost no more than the tungstate, 
but in only about half the examinations in the United 
Kingdom are rare-earth screens used at present 
(Russell, 1986a). Further large reductions, of around 
40%, are available by using low-attenuation materials 
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for components in the primary beam (Hufton & 
Russell, 1986). If these techniques were in full use a 
halving of the whole of the man-made radiation 
exposure would occur (Russell, 1986a) without any 
detriment to the image. It must not be forgotten that 
very large reductions in the radiation detriment are also 
available in the careful use of apparatus. For instance, 
much of the detriment arises from gonadal irradiation 
(International Commission on Radiological Protection 
(ICRP), 1980) and careless coning of the beam to 
include unnecessarily the gonads gives rise to sub- 
stantial unneeded exposure (Wall et al, 1980). 

The attention of Health Authorities has been 
particularly drawn to Section 33 of the Regulations 
(DHSS, 1985), but it is also stated that there "should be 
no significant resource implications in implementing the 
Regulations”. Certainly there will be some cost. 
Hospital managers do not want to lay out money 
without tangible results. Promises for future benefit do 
not weigh as heavily as those in the short term. On the 
other hand, the Government has said methods of health 
promotion are to be encouraged (DHSS, 1981) and 
radiation protection of the patient in radiodiagnosis as 
a technique of health promotion is fully costed and 
highly beneficial (Russell, 1985). 

One aspect for which guidance has not been given is 
the time scale envisaged for mplementing the Regula- 
tions. Overnight application is impossible, as the 
manufacturers are not geared up for production. 
Should the introduction of low-attenuation material be 
confined to new apparatus or should apparatus 1n use 
be modified? Certainly, it is cost-effective to modify 
apparatus in current use (Russell, 1986b). 

How has the position arisen where the population 
radiation dose in radiodiagnosis is a hundred times that 
of the whole nuclear fuel cycle (Hughes & Roberts, 
1984), but to save a unit of population radiation 
exposure a hundred or more times more is spent in the 
nuclear fuel industry? (Russell & Webb, 1985). There is 
not a scientific illiteracy of those in charge, but it is 
political pressure which has demanded the spending of 
large sums on radiation protection in the nuclear power 
cycle. One of the cardinal principles of radiation 
protection is “ALARA”: “all exposures shall be kept 
As Low As Reasonably Achievable, economic and 
social factors being taken into account". This 1s 
beautifully worded to allow political demands to be 
met. National (National Radiation Protection Board 
(NRPB), 1986) and international (International Atomic 
Energy Agency (IAEA), 1984) authorities have advised 
figures which are proper to spend to save a unit of 
population radiation dose. Radiation protection in 
radiodiagnosis allows dose reductions costing much less 
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than the sums suggested (Russell, 1986b). The financial 
argument is indisputable. What 1s lacking is the "social 
factor" or public demand to dictate reductions in the 
radiation from radiodiagnostic exposures. The public 
feel that "hospital X rays are good for you". This is 
correct in the sense that the benefits of radiography, in 
general, outweigh the detriment, but it should not stop 
us trying to reduce the detriment. Perhape the offer to 
halve the whole of the man-made ionising radiation 
dose (Russell, 1986a) has the simplicity to capture the 
public imagination. It will not be expensive to take this 
action. Ássuming 70 rooms per million population, 
£3000 per room and a 10-year life of apparatus, the cost 
of halving the man-made radiation exposure is 
£0.02/head of population/year. 

The final irony is this. A reduction in patient dose 
will lead to a corresponding reduction in staff dose. 
Section 33-1), designed to reduce patient dose, will 
have far more effect on staff dose than the rest of the 
Regulations put together. 

J. G. B. RUSSELL 
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ABSTRACT 

A collaborativesurvey between the National Radiological Protec- 
tion Board and the Hospital Physicists’ Association has been 
conducted to ascertain current levels of exposure for patients 
undergoing 10 routine types of X-ray examination in England. 
The main part of this study consisted of measurements on 
nearly 3200 patients attending 20 randomly selected English 
hospitals. The energy imparted to each patient was determined 
from a measurement of the total exposure-area product for 
the examination. In addition, thermoluminescent dosemeters 
were attached to the patient’s skin to enable the derivation of 
doses to the major radiosensitive organs, either directly or using 
appropriate conversion factors calculated for a mathematical 
phantom by a Monte Carlo technique. Histograms are 
presented showing the wide distributions often observed in the 
doses for each type of examination. Mean values of 
exposure-area product, energy imparted to the patient, 
entrance skin dose per film and organ dose are reported, 
together with coefficients of variation. Comparison of the 
results with those from similar surveys in the UK and abroad 
is complicated by inconsistencies in the reporting of such data, 
but substantial differences are sometimes apparent, 
particularly for the estimates of organ doses, The present 
measurements will provide a useful baseline for future 
measurements and will be used to evaluate the collective dose 
to the population from medical exposures and the radiation 
risks from the various radiological procedures. 


X-ray examinations are an established tool of medical 
diagnosis. Their widespread use means that. on the 
average, a person in Great Britain can expect to 
experience one every 2 years or so. Patients can 
undoubtedly derive enormous benefit from these 
examinations, although the ionising nature of the 
X rays means that their use is not entirely without risk. 
For this reason, all exposures to diagnostic X rays need 
to be both justified and optimised in terms of the 
associated benefits and risks. One of the requirements 
for such an exercise is knowledge of the radiation doses 
and risks involved. Unfortunately, appropriate, detailed 
data for each type of examination have so far been 
quite limited. This is due, in part, to the difficulty of 


“Copyright on this paper is held by the National Radiological 
Protection Board. 

tPast Chairman of the Diagnostic Radiology Topic Group of 
the Hospital Physicists' Association. 
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assessing the radiation doses to the different organs of a 
patient undergoing an X-ray examination. 

Gonadal doses and the consequential genetic risks of 
diagnostic radiology in Great Britain were evaluated 
some years ago by the National Radiological Protection 
Board (NRPB) (Wall et al, 1981). In a complementary 
study, consideration is presently being given to the 
somatic doses and effects. Wall and Shrimpton (1981) 
have identified two different approaches to the problem 
of assessing somatic doses to patients undergoing X-ray 
examinations. The more thorough of these approaches 
involves the estimation of dose to the major radio- 
sensitive. organs, although it is acknowledged that 
accurate. dosimetry may be difficult to achieve in 
practice. In contrast, the other approach is more 
pragmatic, being based on a simply derived estimate of 
the total energy imparted to the patient, regardless of 
which individual organs are irradiated. Bengtsson and 
Jensen (1979) have already reported a reasonable 
correlation between mean energy imparted and radio- 
logical risk to the patient. 

Both of these, energy-imparted and organ-dose 
approaches have been adopted in a recently completed 
national survey of patient doses carried out by the 
NRPB in collaboration with the Hospital Physicists' 
Association (HPA). Some preliminary results observed 
during the course of this survey have already been 
reported (Shrimpton et al, 1984a; Shrimpton & Wall, 
1985; Shrimpton, 1985a) This paper presents a 
summary for the entire survey of the mean levels of 
exposure-area product, energy imparted to the patient, 
entrance skin dose per radiograph and organ doses 
observed in patients undergoing a selection of common 
X-ray examinations in England. Further analyses of 
these data are in progress and will be reported in 
subsequent publications. 


PATIENT DOSE SURVEY 
The extent of any dose survey must necessarily be 
limited and measurements in the present work were 
confined to 10 routine types of radiological procedure. 
These were selected on the basis of their likely 
importance to the collective population dose and fall 
into two broad categories: six “simple” examinations, 
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commonly involving up to four radiographs, and four 
"complex" examinations, where more radiographs and 
possibly fluoroscopy are likely (Shrimpton et al, 1986). 
These are identified in Table I. 

Measurements were carried out on patients under- 
going the selected examinations 1n accordance with the 
strategy adopted for assessing somatic risk. We give 
here a brief outline only of the techniques employed. 
Full details of the methods and their likely uncertainties 
will appear elsewhere (Shrimpton et al, 1986). Values of 
the energy imparted to each patient were determined 
from the total exposure-area product for the examina- 
tion, recorded by a Diamentor large-area, transmission 
ionisation chamber fitted to each X-ray set. According 
to the calibration previously developed for the 
Diamentor (Shrimpton et al, 1984b) appropriate 
energy- -imparted conversion factors for each irradiation 
are y dependent on the applied potential and 
total filtration of the X-ray beam and, to a lesser extent, 
on the voltage waveform of the generator and the target 
angle of the X-ray tube. Measurements were also 
performed with thermoluminescent dosemeters (TLDs) 
attached to the patient’s skin to enable organ doses to 
be derived. Thyroid, breast and lung doses during the 
"complex" category of examinations were estimated 
directly from skin dose measurements over the thyroid 


(one TLD) and on the front and back of the thorax 
(two TLDs cach) Doses for other organs and 
examinations were deduced from measurements of 
entrance skin dose per radiograph or exposurc-arca 
product, using conversion factors produced by an 
extensive series of computer calculations employing 
Monte Carlo techniques and a mathematical phantom 
to simulate the irradiation of the patient during the 
various examinations. Jones and Wall (1985) detail the 
computational methods used and present tables of 
factors covering a wide range of radiation qualities for 
each of 22 X-ray fields. 

Measurement techniques were initially developed and 
refined dunng a pilot survey of approximately 600 
patients at five local hospitals. A further sample of 20 
hospitals was then randomly selected as representative 
of current radiological practice in England. To ensure 
effiaent use of the equipment and time available for the 
survey, these hospitals were chosen at random from the 
306 non-specialised English hospitals returning more 
than 2x10° radiographic workload units for 1980, 
which between them account for 80% of the total 
workload for the country. The survey was implemented 
at each of these hospitals in turn for a period of up toa 
month, so that between 10 and 20 patents were 
measured for each of the 10 types of examination at all 


TABLE I 


THE 10 TYPES OF X-RAY EXAMINATION SELECTED POR INVESTIGATION AND THE DETAILS OF THE RANDOM SAMPLES OF ADULT PATIENTS 
COMPRISING THE DOSE MEASUREMENT SURVEY 


Examination Patients 
Type Comments Number* Aget Weghtt 
(male/female) years kg 
"Simple" examinations 
Lumber spine Includes lumbosacral joint (LSJ) 365 53 68 
(185/178) (34) (20) 
Chest Full-size radiographs only 465 55 65 
(232/232) (35) (20) 
Skull Radiographs of complete skull only 229 5] 65 
(95/133) (43) (20) 
Abdomen Mainly large radiographs of general abdomen 329 58 68 
(159/167) (33) (22) 
Thorac spine 211 56 66 
(85/126) (32) (18) 
Pelvis Excludes hip examination 338 62 65 
(126/211) (27) (20) 
“Complex” examinations 
Intravenous urography (VU) 27% included tomography 357 52 69 
(224/133) (35) (19) 
Barium meal Excludes follow-through exammations 346 56 66 
cme) (33) (20) 
Barium enema Mainly double-contrast technique 59 65 
(56 190) (29) (20) 
Cholecystography A mixture, including cholangiography 167 50 68 
(39/128) (34) (21) 





*The total numbers of patients include those whose sex was not recorded on the form. 
+The ages and weights shown are means, together with coefficients of variation in parentheses (%). 
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20 hospitals. In this way, an essentially random 
selection of nearly 3200 patients was monitored for this 
main part of the survey during 1983 and 1984, covering 
97 X-ray tubes in 74 different rooms. A list of all 25 
hospitals participating in both phases of the survey is 
given in the Appendix to this paper 


RESULTS 

Presentation of data 

Each patient record, consisting of results of the 
measurements and details of the examination and 
patient, has been stored in a computer to facilitate 
calculation of organ doses and analysis of the data. In 
this paper, the survey is summarised in terms of mean 
values of dose and associated coefficients of variation, 
together with some histograms to illustrate the often 
wide ranges observed in the measured and calculated 
doses for each type of examination. Furthermore, in 
order that the results should be representative of 
general practice in England, the data given relate to 
Measurements at the random sample of 20 hospitals. 
The possibly biased local pilot survey was not included, 
particularly since some of the differences in mean dose 
values between it and the main survey were statistically 
significant. Finally, the doses shown pertain to 
measurements carried out on all adult patients (age 
> 15 years); the limited dose data available for the 


relatively small numbers of children in the survey will 
be reported elsewhere (Shrimpton et al, 1986). Details 
of the randomly selected adult patients included for 
each type of examination are shown in the final three 
columns of Table I, where the numbers of patients and 
their mean ages and weights (and coefficients of 
variation) are indicated. Records of weight were only 
approximate, being either supplied by the patients 
themselves or estimated by the radiographers. The 
ratios of the numbers of male and female patients vary 
with the type of examination and are in general 
accordance with those obtained in a previous national 
survey of X-ray patients (Kendall et al, 1980). The 
distributions of age and weight of adult patients span 
factors of about 5.5 and 3, respectively, for each of the 
selected radiological procedures, with median values 
being close to the means shown in Table I. The mean 
patient weights indicated for the examinations are close 
to the 70 kg mass of the mathematical phantom used in 
the dose calculations. 

More comprehensive results for the survey will be 
contained in a forthcoming report (Shrimpton et al, 
1986). 


Diamentor measurements for complete examinations 
Measurements with the Diamentor transmission 
ionisation chamber made during the 10 routine X-ray 


TABLE II 


MEANS (WITH COEFFICIENTS OF VARIATION (%) IN PARENTHESES) OF MEASUREMENTS ON ADULT PATIENTS CARRIED OUT WITH THE 
DIAMENTOR TRANSMISSION JONISATION CHAMBER DURING 10 ROUTINE TYPES OF X-RAY EXAMINATION 


Examination No. of 
radiographs 
No 
Lumbar spine 34 354 
(25) 
Chest 13 458 
(41) 
Skull 3.0 131 
(25) 
Abdomen 14 322 
(40) 
Thoracic spine 24 204 
(29) 
Pelvis L1 324 
(27) 
IVU 8.2 357 
(30) 
Barium meal 78 342 
(55) 
Barium enema 85 325 
(30) 
Cholecystography 5.0 164 
(51) 


*Sample size of 16 patients only. 


Diamentor measurements for complete examinations 


. ing Ex Energy 
time, area product, imparted, 
$ R cem? mJ 
— 1350 124 
(63) (67) 
-— 53 4.4 
(153) (184) 
— 447 20 7 
(58) (57) 
-— 664 56.7 
(81) (90) 
— 676 55.4 
(59) (63) 
— 430 34.8 
(62) (65) 
— 3445 281 
(74) (77) 
193 2202 231 
(61) (91) (91) 
224 4817 501 
(49) (67) (70) 
115* 1094 90.2 
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Histograms of the energy umperted to patents determined for 
a random sample of adults undergoing “simple” types of X- 
ray examination in England. Means and medians of 
distributions are indicated by dotted lines and continuous 
lines, ively. The maximum value observed dunng chest 
examination of 103 mJ has been omitted from the first 


histogram 


procedures are summarised in Table II. The final two 
columns of the table give the mean values (and 
coefficients of variation) of the measurements of total 
exposure-area product and of the derived estimates of 
the energy imparted to the patient for each type of 
examination. Values of exposure-area product are 
expressed in terms of the non-SI unit R cm?, consistent 
with the manufacturer’s calibration for the Diamentor. 
Instrument readings were corrected according to the 
sensitivity determined for the Diamentor system 
installed on each X-ray unit (Shrimpton & Wall, 1982). 
Corresponding values of the air kerma-area product in 
mGycm? may be obtained from the quoted 
exposure—area products by multiplying them by 8.69. 
Figures 1 and 2 show the distributions in energy 
imparted for “simple” and "complex" procedures, 
respectively. 

The values of fluoroscopic screening time shown in 
Table II for three of the more complex examinations 
relate to estimates indicated by the Diamentor. This 
instrument is able to provide a convenient, but fairly 
crude, measure of irradiation time, since studies have 
‘shown that it includes artefacts associated with the 
switching on or off of the X-ray beam for radiography, 
as well as fluoroscopy, during each examination. 
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Histograms of the energy imparted to patients determined for 
a random sample of adults undergoing "complex" types of X- 
ray examination. in England. Means and medians of 
distributions are indicated by dotted lines and continuous 


lines, respectively. 


Detailed measurements on a small number of patients 
indicated that the Diamentor could be expected to over- 
read screening time by approximately 20% during 
typical barium-meal or -enema examinations. On the 
other hand, comparison between values of screening 
time indicated by the Diamentor and by the timer on 
the X-ray unit itself for groups of patients at several 
different hospitals, not surprisingly, showed varying 
degrees of agreement; ratios of timer to Diamentor 
screening times ranged from 0.68 to 1.00. In view of the 
uncertainties, therefore, measurements of screening time 
by the Diamentor are reported without correction. 

Table II also shows the mean number of radiographs 
observed for each type of examination. Numbers for the 
"complex" procedures involving barium contrast 
medium include both small-format (70 mm or 100 mm 
etc.) fluorographic films and conventional full-size 
radiographs exposed in a screen cassette. Some of these 
latter radiographs may, in turn, be split into several 
separate exposures, which are not taken into account 1n 
the simple count of radiographs used. 


Entrance skin dose measurements per radiograph 

Table III summarises measurements carried out for 
individual radiographs with the radiographic projec- 
tions commonly used during the six "simple" types of 
X-ray examination. In the case of the examination of 
the complete skull, antero-posterior (AP) and postero- 
anterior (PA) projections are broad classfications 
which include the various angled projections (e.g. 
Towne's and reverse Towne’s, respectively) also used 

Mean values of skin dose determined for these 
routine radiographs are shown ın the fina] column of 
Table III, with coefficients of variation indicated in 
brackets. Measurements were made for each individual 
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TABLE III 
MEANS (WITH COEFFICIENTS OF VARIATION (%) IN PARENTHESES) 
OF ENTRANCE SKIN DOSE MEASUREMENTS ON ADULT PATIENTS 
DURING COMMON RADIOGRAPHIC PROJECTIONS OF SIX "SIMPLE" 
TYPES OF X-RAY EXAMINATION 


Examination No. Indicated Entrance 
and of applied skin dose 
projection measurements potential per 
kV radiograph, 
mGy 
Lumbar spine 
AP 428 751 9 19 
(9) (65) 
Lateral 420 85.2 22.8 
(10) (58) 
Lateral LSJ 388 93.7 38.7 
(10) (51) 
Chest 
AP 22 60.7 0.30 
(12) (69) 
PA 473 68 5 0 23 
(18) (78) 
Lateral 84 84.2 1.46 
(19) (120) 
Skull 
AP 294 75.3 4.37 
(10) (50) 
PA 126 758 4.76 
(8) (47) 
Lateral 270 67.0 2 33 
(7) (49) 
Abdomen, AP 427 749 8.43 
(11) (72) 
Thorecte spine 
249 76.9 6 23 
(12) (79) 
Lateral 252 72.2 14.0 
(14) (66) 
Pelvis, AP 359 726 6.57 
(11) (60) 


radiograph with a dosemeter positioned in contact with 
the patient’s skin and located at the centre of the 
incident X-ray beam. The doses reported, therefore, 
include the effects of scattering of the beam by the 
patient and are expressed in terms of absorbed dose to 
"ICRU" muscle (International Commission on 
Radiation Units and Measurements, 1970) in units of 
mGy. Probably tbe most frequent of all diagnostic X- 
ray examinations, a PÀ projection of the chest, results 
in a mean entrance skin dose of 0.23 mGy. This 1s the 
lowest of those investigated by an order of magnitude 
or more. Except for the skull, largest doses are 
associated with X-ray beams projected laterally through 
the patient, 1n particular the lateral projection of the 
lumbosacral joint (LSJ) during the examination of the 
lumbar spine. Figure 3 shows the distributions of 
entrance akin dose observed for a sample of the 
projections. The skewed nature of these histograms is 


Chest PÀ projection Skull AP projection 
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Abdomen AP projection Thorocc spine LAT propectton 
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og & 8B S 
B 


radiograph during six common X-ray examinations for a 

random sample of adult patients in England. Means and 

medians of distributions are indicated by dotted lines and 

continuous lines, respectively. The maximum value observed 

during AP projection of the abdomen of 62.4 mGy has been 
omitted from the third histogram. 


typical of all the projections studied, where coefficients 
of variation about the observed means are generally 
between 50% and 80%, as shown in Table III. 

Table HI also gives the mean values of indicated 
applied potential used by the radiographers for each of 
the categories of radiographs studied. These values 
relate directly to the X-ray generator settings recorded 
on the patient forms. The spreads in the settings used 
for each projection are generally quite small; values are 
distributed reasonably symmetrically about the means 
shown, with coefficients of variation of 10% or so. The 
largest variability was found for radiographs of the 
chest, which were observed in 30 different X-ray rooms, 
one of which employed a high applied potential 
(125 kV) technique. During the course of organ-dose 
and energy-imparted calculations, recorded values of 
applied potential are corrected in accordance with 
calibration checks performed on each generator 
(Shrimpton etal, 1986). Mean values of corrected 
applied potentials differ from those shown in Table ITI 
by no more than 3%, with similar coefficients of 
variation. 


Organ dose estimates for complete examinations 
The entrance skin dose measurements for each film 
have allowed the estimation of doses to all the major 
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TABLE IV 


MEANS (WITH COEFFICIENTS OF VARIATION (%) IN PARENTHESES) OF ORGAN DOSE ESTIMATES FOR ADULT PATIENTS UNDERGOING SIX 
"SIMPLE TYPES OF X-RAY EXAMINATION 


Examunation Organ doses* for complete examinations, mGy 


Breast Redbone Lung Thyroid Bone 
marrow 
Lumber spine 0.07 | 41 0.29 T 1.56 
(63) (62) (62) (57) 
Chest 0.09 0.04 0.14 0.02 0.08 
(289) (187) (184) (276) . (164) 
Skull T 0.16 0.01 0.41 095 
(60) (64) (64) (59) 
Abdomen 0.03 0.40 0.08 1 0.54 
(103) (113) (107) (105) 
Thor&csc spine | 33 0 65 2 84 1.45 1.53 
(89) (80) (78 (91) (75) 
Pelvis t 018 T T 0.32 
(76) (74) 


"The doses are averages over the specified organ or tissue. 
t< 0.01 mGy 


radiosensitive organs of the body for each adult patient 
undergoing the six "simple" types of X-ray examina- 
tion. This has been achieved using the results of Monte 
Carlo calculations employing standardised X-ray field 
sizes and positions and an idealised mathematical 
phantom representing the patient (Jones & Wall, 1985). 
Table IV shows the mean values of the total organ 
doses observed for complete examinations of the 
"simple" category involving the mean numbers of 
radiographs given in Table II. As before, values are 
expressed in terms of dose to ICRU muscle, apart from 
those for breast, which are calculated assuming a tissue 
composition of 50% water and 50% fat. Uterus, ovary 
and testis doses, based on the mathematical phantom 
calculations, have been estimated for each patient, 
irrespective of sex. “Trunk” refers to the dose as 
averaged over the entire trunk of the phantom 
(excluding the head and legs), whilst the “remainder” 
dose is the mean of the total doses to the additional five 
most irradiated radiosensitive organs not otherwise 
specified in Table IV (International Commission on 
Radiological Protection (ICRP), 1977). Skin dose is the 
mean dose over the entire surface of the body as 
discussed by the ICRP (1978); this is not to be confused 
with the entrance skin doses per radiograph in Table 
III. Once again, the total organ doses for particular 
examinations often span large ranges. A sample of 
organ dose distributions for individual patients is 
shown in Fig. 4. These histograms are skewed in a 
similar way to those for the entrance skin dose 
measurements from which the organ doses are derived. 
Coefficients of variation about the mean organ doses 
are large, rising to over 200% for the small doses 
associated with the chest examination. 

Mean values of organ dose estimates for adult 
patients undergoing four "complex" types of X-ray 


Skin Uterus Ovaries Testes Trunk “Remainder” 
2.02 3.46 4,33 0.06 3.05 4.47 
(52) (59) (58) (660 = (55) (57) 
0.04 tf t 1 0 07 003 
(205) (186) (224) 
034 t T T 0.01 0.30 
(60) (63) (61) 
0.75 2.89 2.17 0 40 1.53 3.30 
(85) (98) (99) (101) (92) (95) 
0.89 1 T T 1.32 0.71 
(72) (76) (83) 
052 1.65 1.21 4 56 0 75 155 
(68) (73) (73) (70) 0 (72) 


examınation are given in Table V, together with 
coefficients of variation; mean numbers of radiographs 
and screening times of these patients are given in Table 
II. Examples of the distributions observed for these 
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A selection of histograms of organ doee estimates for a 

random sample of adult patients undergoing “simple” types of 

X-ray examination in England. Means and medians of 

distributions are indicated by dotted lines and continuous 
lines, respectively. 
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TABLE V 


MEANS (WITH COEFFICIENTS OF VARIATION (96) IN PARENTHESES) OF ORGAN DOSE ESTIMATES POR ADULT PATIENTS UNDERGOING POUR 
“COMPLEX” TYPES OF X-RAY EXAMINATION 


Examination 
Breast Redbone Lung 
marrow 
IVU 3.91 1.90 4.14 
(209) (81) (200) 
Barrum meal 2.25 2.60 8.65 
(159) (97) (126) 
Barrum enema 0.65 8.17 3 21 
(166) (77) (143) 
Cholecystography 0.41 091 2.28 
(316) (108) (203) 


"The doses are averages over the specified organ or tissue. 
TTaken from Wall et al (1980). 


doses are presented in Fig. 5. Thyroid, breast and lung 
tissue doses, which were derived directly from TLD 
measurements, cover very wide ranges, resulting in the 
large coefficients of variation indicated in Table V. The 
mean values of ovary and testis dose presented in Table 
V are those determined previously in a national survey 
(Wall et al, 1980), together with suitable estimates of 
gonadal dose for our broad examination classification 
of "cholecystography" (see Table I). The values of dose 
shown for all other organs were derived from 
measurements of exposure-area product using the 
results of the Monte Carlo calculations and, therefore, 
possess distributions that are similar in form to that 
Observed for the Diamentor readings. It has not been 
possible to determine "remainder" organ doses reliably 
during the "complex" examinations in the detailed way 
that was possible for "simple" examinations where the 
X-ray beam geometry is more precisely defined. The 
mean trunk dose 1s considered to be the best estimate 
available for the ‘‘remainder” organ dose in the case of 
"complex" examinations. 


DISCUSSION 

The present survey provides basic dose data for over 
3000 randomly selected adult patients undergoing 10 
common types of X-ray examination. The mean 
numbers of radiographs and mean fluoroscopic screen- 
ing times indicated in Table II for the sample are in 
reasonable agreement with corresponding values from a 
previous British survey (Kendall et al, 1980; Wall et al, 
1980). Distributions observed for the various dose 
quantities are typically skewed, with mean values 
generally being greater than the corresponding medians 
or modes and—smali numbers of -patients receiving 
relatively high doses. Reasons for these spreads in 
patient doses and inter-hospital variations have been 
addressed briefly by Shrimpton and Wall (1985) and 
will be discussed further in a later paper. 

Mean values of the energy imparted to patients 


Organ doses* for complete examinations mGy 


Thyroid Bone Skin Ovariest Testest Trunk 
0.39 2.55 328 3.58 434 6.54 
075 (78) (75) (95) (18) (77) 
1.10 3.71 2.05 3.60 0.30 5.12 
(209) = (96) (90) (318 = (18) Q0) 
0.16 8.76 5 06 160 3 35 11.8 
(97) (76) (67) (76) (189) (68) 
0.10 1.49 0.93 0.60 0.06 1.99 
(201) — (107 . (104 (103) 


during each type of examination are summarised in 
Fig. 6, which also indicates that the minimum and 
maximum observed for each procedure typically cover a 
factor of about 50, with the range factor for the chest 


IVU . Breast dos» IVU Trunk dose 


may moy 


Fio. 5 


A selechon of histograms of organ dose estimates for a 
random sample of adult patients undergoing "complex" types 
of X-ray examingtion in England. Means and medians of 
distributions are indicated by dotted lines and continuous 
imes, respectively. The following maximum observed doses 
have been omitted from the relevant histograms: breast doses 
of 93.0 mGy and 593 mGy during IVU (first histogram), 
thyroid dose of 23.8 mGy (third histogram) and lung dose of 
106 mGy during barium meal (fourth histogram) 
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Fig. 6. 
Bar chart of the mean values of energy imparted to patents 
observed for a random sample of adults undergoing 10 routine 
types of X-ray examination in England, together with the 


minimum and maximum measurements for each procedure. 


examination being over 500. The simultancous estima- 
tion of organ doses and energy imparted made in this 
survey enables an improved assessment to be made of 
the relationship between energy imparted and radio- 
logical risk to the patient. A preliminary analysis has 
shown (Shrimpton, 1985b) that, over a range of 100 in 
dose, there is a reasonable correlation within factors of 
two or three between mean energy imparted and the 
quantity effective dose equivalent, as defined by the 
ICRP (1977). Further analyses will be made using other 
and possibly more suitable estimates of the risk that can 
be derived from the basic organ dose data. However, 
the bar chart in Fig. 6 demonstrates the possible value 
of a simple measurement of the energy imparted to the 
patient for indicating the relative risk of examinations 
covering a wide range of complexity and exposure. 
There have been few recent data reported for the 
exposure-area product or the energy imparted to 
patients undergoing diagnostic radiology since the 
pioneering work of Carlsson (1965), who carried out 
extensive measurements at two Swedish hospitals. Two 
subsequent surveys in Sweden, one local (Gustafsson, 
1979). and one national (Bengtsson etal, 1978), 
determined mean values of energy imparted that were 
generally larger than those in the present work. The 
measurements of exposure-area product in Table II are 
also less than the results given by Lohr et al (1977) for 
barium contrast examinations at a West German 
hospital, although our mean of 4817 R cm? for barnum 
enema examination i$ larger than values published 
by Bednarek et al (1983) for both single-contrast 
(2508 R cm?) and double-contrast (3751 R cm?) colon 
studies in the USA However, the values of 
exposure-area product reported by Beentjes and 
Broerse (1981), from observations on several types of 


examination in the Netherlands, are in line with our 
study. 

Results of the present national survey are also in 
broad agreement with those of a recent extensive 
regional survey, in which entrance skin doses per film 
for five types of examination were evaluated by indirect 
measurement (Harrison et al, 1983). Most notable of 
the differences in mean dose reported by these surveys is 
for the latera] LSJ projection of the lumbar spine, 
where the present value of 38.7 mGy is only 60% of 
that given by Harrison et al (1983). Comparison of the 
entrance skin dose data in Table III with the results of 
other national surveys is often made difficult by the 
variety of exposure quantities reported, which may or 
may not include scattering by the patient. However, the 
levels and variation in patient exposure presently 
observed are consistent with those determined for 12 
types of examination by the Nationwide Evaluation of 
X-ray Trends (NEXT) surveys conducted annually in 
the USA (Johnson & Goetz, 1986). 

There have been few comprehensive publications of 
organ dose data for diagnostic radiological procedures, 
which is probably a reflection of the difficulties of 
achieving suitable dose estimates for many of the 
organs. The most recently published report from the 
United Nations Scientific Committee on the Effects of 
Atomic Radiations (UNSCEAR, 1982) cites numerous 
references for absorbed doses in various tissues reported 
from different countries, and notes both the inconsis- 
tencies in presentation of the data and also the very 
large differences in any commonly expressed entries. 
Comparison of our organ dose data with results from 
similar such as that carried out in Sweden 
(Bengtsson et al, 1978), indeed indicates large discre- 
pancies for certain organs and examinations, which 
must be due at least in part to the differences in 
dosimetric techniques used. Values of mean red bone 
marrow dose given in Tables IV and V may be 
compared with those determined by the only other 
national survey of radiological hazards to patients in 
Great Britain (Adnan Committee, 1966). Doses 
measured over 20 years ago by that survey for our 10 
selected procedures are about three times larger than 
the present estimates, with the factor varying between 
unity ın the case of barium enemas and 7.5 for pelvis 
examinations. Whilst there are some differences between 
the mean entrance skin doses, numbers of radiographs 
and screening times observed for corresponding 
examinations by these surveys, many apparent changes 
in the mean marrow doses are probably the result of the 
very different methods of measurement used. 

Despite the present use of sophisticated Monte Carlo 
techniques to overcome the basic inability to measure 
doses directly for most of the organs during diagnostic 
radiological procedures, one must not overlook the 
uncertainties that may exist for many of the doses 
derived for individual patients. The high precision often 
associated with TLD measurements and computed 
organ dose conversion factors should nol serve to 
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conceal the possibility of errors arising from incorrect 
positioning of a TLD on the patient's skin or from 
differences in anatomy and X-ray field geometry 
between the mathematical simulation and a patient 
undergoing an examination. Uncertainties are also 
likely for the estimates of mean dose to the thyroid, 
breast and lung of a patient having one of the 
"complex" category of examinations, where a small 
number of skin dose measurements is made overlying 
these organs. Such errors are difficult to quantify in 
practice for individuals, although efforts were made to 
minimise them through the careful choice of the routine 
measurement techniques and models used. However, 
these uncertainties are likely to be of less importance 
from the point of view of large numbers of 
measurements on heterogeneous populations of patients 
examined at many X-ray departments and having 
ranges of physique and clinical requirements. 

The mean values of organ dose estimates presented 
for each type of examination may, therefore, be 
considered to be representative of the doses received by 
an average adult patient undergoing that examination 
in England. These data wil be used to reassess the 
collective dose to the population arising from diagnostic 
X-rays and also to evaluate the radiation risks from the 
various radiological procedures. Furthermore, it is 
hoped that the values of exposure-area product, energy 
imparted, entrance skin dose per radiograph and organ 
doses reported for the survey will represent useful 
baselines for any future measurements. 
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HOSPITALS PARTICIPATING IN THE NRPB/HPA DIAGNOSTIC 
RADIOLOGY SOMATIC DOSE SURVEY 





Phase I: Pilot survey of five local hospitals 
Hackney Hospital, London 
Princess Margaret Hospital, Swindon 
St Bartholomew's Hospital, London 
Weymouth and District Hospital 
Whittington Hospital, London | 
Phase IE Main sampie of 20 randomly selected hospitals 
Birch Hill Hospital, Rochdale 
Charing Cross Hospital, Fulham 
Dudley Road Hospital, Birmingham 
Epsom District Hospital 
General Hospital, Hartlepool 
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ABSTRACT 
The adrenal glands were evaluated m 70 normal volunteers 
using linear-array real-time ultrasonography. All the scanning 
approaches described for manual B-scanning were used and, 
on the left nde, longitudinal scans along the axillary hnes were 
also performed The nght adrenal gland was imaged in 68 of 
the 70 volunteers and the left gland in 63. The dynamic 
capabilities of real-time equipment were of great help for 
proper locahsation and identification of the glands. Changes in 
the scanning plane demonstrated varistions in the adrenal 
morphology, because different portions of the gland were 
encountered by the scanning beam. 


Identification of the normal adrenal glands by 
ultrasonography has been shown to be possible using 
manual B-scan equipment and following a variety of 
scanning techniques which have been developed 
expressly for this purpose (Sample, 1977, 1978; Yeh, 
1980). They are based on a two-step procedure: first, 
visualisation of the different structures surrounding the 
adrenal region; then identification, along specific scan 
planes, of the adrenal glands. 

Using such scanning techniques, identification rates 
of the normal adrenal glands by ultrasonography vary 
from 85%, with no differences between the right and 
left sides (Sample, 1977), to 91% on the right and 44% 
on the left (Yeh, 1980). The diagnostic accuracy of this 
method in the evaluation of patients with adrenal gland 
diseases has been reported to reach 93% (Sample & 
Sarti, 1978; Yeh et al, 1978a,b). 

However, to image the adrenal glands by ultrasono- 
graphy is both difficult and time-consuming (Sample & 
Sarti, 1978), and there are no other reports in the 
literature of such an effective use of ultrasonography in 
this field (Abrams et al, 1982). 

Due to ease of operation, short examination time and 
good picture quality, real-time ultrasonography has 
become tbe method of choice in evaluating the 
abdomen by ultrasound and the same results achieved 
by manual B-scanning have been reported by this 
technique in a large vanety of abdominal conditions 
(Bartrum & Crow, 1979; Sanders, 1979, Lee et al, 1981; 
Cooperberg, 1983; Hunter & Haber, 1983). 
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In this paper we present the scanning techniques we 
have used and the results achieved by high-resolution 
linear-array real-time ultrasonography in the evaluation 
of normal adrenal glands. 


SUBJECTS AND METHODS 

Seventy normal volunteers (age range 22-57 years) 
were examined by ultrasonography using a variety of 
commercially available linear-array real-time equipment 
with 3.5 MHz electronically focused transducers. 
Subjects were divided into three groups according to their 
body habitus: 20 ectomorphs, 26 endomorphs and 24 
mesomorphs. In all cases, identification of the adrenal 
glands was attempted using all the different scanning 
approaches that have been described for manual B- 
scanners (Sample, 1977, 1978; Yeh, 1980). On the left 
side, an additional scanning technique was used: with 
the patient supine or with the left flank slightly elevated, 
longitudinal or oblique sections along the axillary lines 
were performed. The transducer was placed in the 
intercostal spaces and, using the spleen as an acoustic 
window, the scan plane was angled towards the adrenal 
region (Fig. 1). 

The suprarenal regions were identified by delineation 
of all the different structures which surround them: on 
the right, the liver, the right diaphragmatic crus, the 
inferior vena cava and the upper pole of the kidney; on 
the left, the spleen, the left diaphragmatic crus, the 
aorta and the upper pole of the kidney. The criterion 
used to classify each examination as positive was 
visualisation of the adrenal glands. 

In most cases the study was performed during 
suspended normal respiration; in subjects with low- 
lying pulmonary bases better results could be obtained 
during forced expiration, while in those with kidneys 
positioned high, scanning during forced inspiration was 
preferred. In some cases studies of the left adrenal were 
performed with the subject standing, slightly flexed 
towards the right side, with the left arm raised. 


RESULTS 
The adrenal gland-was identified, on the right side, in 
68 of the 70 subjects; on the left, it was seen in 63 cases. 
The results of our study following the division of 
volunteers in three groups according to their body 
habitus are presented in Table I. 
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Fig 1. 


Schematic drawing illustrating the scan plane used for 
longitudinal imaging of the left adrenal giand. The transducer 
array 1s placed in the mtercostal spaces, along the axillary 
lines, and the beam is directed medially, towards the adrenal; 
the spleen acts as an acoustic window to the gland While 
observing the image on the screen, small changes in onentation 
of the beam are usually needed in order to obtain the best 
image in each patient. 


The right adrenal gland could not be identified in two 
obese subjects, both with fatty livers, and even the 
structures of the adrenal region were not delineated. On 
the left, identification of the gland was not achieved in 
four obese volunteers: in two, structures of the adrenal 
region could not be delineated, in one, the kidney was 
positioned high, beneath the costal margin, and in one 
there was a large quantity of perirenal and perarenal fat 
and the adrenal gland could not be resolved. The left 
adrenal gland was not identified in two further subjects 
with normal body habitus and ın one thin volunteer. In 
these three subjects there was a small spleen, providing 
no acoustic window, and reverberation artefacts arising 
from the lung base obscured the adrenal area 

The gland presented as different shapes according to 
the different portions of it encountered by the scanning 
beam; the most common shapes we observed are 
summarised in Fig. 2. 


Right adrenal gland 
Transverse scans obtained along the axillary lines. The 
adrenal gland was similar to an inverted Y or V when 


TABLE I 
IDENTIFICATION OF THE ADRENAL GLANDS 


Body habitus Sonographic identification of 
(No. of subjects) 
right gland left gland 

Endomorphs 

(26) 24 a. . (22 
Ectomorphs 

(20) 20 19 
Mesomorphs 

(24) 24 2 
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Fig. 2 
Drawing of the most common shapes of the adrenal gland we 
observed (A) Single-line appearance; this linear structure may 
present as a straight or curved hme or with a “comma-like” 
pattern. (B) Inverted Y or inverted V image; the angle formed 
by the wings of the gland is directed cranially (longitudinal 
scans) or medially (transverse images). In some cases, the 
wings were not of the same length. (C) The triangular pattern 
was obeerved when only the body of the gland was seen, or 
when the wings were not well developed. (D) Double-line 
appearance, ether parallel or diverging lines were observed. 
This mage was seen when, on longitudinal scans, both wings 
were within the section plane. 


both its wings were within the scan plane, to a straight 
or curved line when only one wing was seen, or to a 
triangle when the lateral wings were not well developed 
(Fig. 3). Different shapes of the gland were observed 
while moving the scan plane in a cranio-caudal 
direction; the most cranial part of the gland, the body, 
always had a linear shape while, more caudally, the 
presence of the wings gave rise to the well known, 
inverted Y appearance of the gland. 

Longitudinal scans obtained along the axillary lines. 
The ultrasonic beam was directed in a latero-medial 
direction in order to visualise, first of all, the inferior 
vena cava; then it was angled posteriorly, towards the 
adrenal region. The right diaphragmatic crus could be 
observed and, anterior to it, the gland could be seen. It 
appeared as a single line when the plane was passing 
through the body and/or only one wing, or as a double- 
hne structure when the section was passing through 
both wings (Fig. 4). 

Anterior longitudinal scans. With the subject in the 
supine position, using longitudinal scans passing 
through the inferior vena cava and the scan plane 
slightly angled in a medio-lateral direction, the gland 
could be seen posteriorly to the vessel, approximately at 
the level of the right portal branch. It had a horizontal 
Y or V shape, with the angle formed by its wings 
pointing superiorly, or it appeared as a single line or as 
a triangle (Fig. 5). 


Left adrenal gland 

Transverse scans. On anterior transverse scans of the 
epigastrium, in our series the left adrenal gland could be 
imaged posterior to the tail of the pancreas, only in thin 
subjects. The gland presented as a single-line structure 
which probably corresponded to the lateral wing 
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(a) Drawing illustrating the scan plane we used. (B, C, D) 

Transverse images of the right adrenal gland in three different 

subjects. Different shapes of the gland may be observed. In (B) 

it has a horizontal Y shape, in (C) it appears as a linear 

structure and in (D) it presents as a triangle. L = liver; the open 
arrows point to the right diaphragmatic crus. 





Transverse sections through the left flank, using the 
spleen as an acoustic window to the adrenal region, did 
not give the same good results reported using B- 
scanners (Yeh, 1980). In this series, the left adrenal 
gland could only rarely be seen on these sections, with 
an inverted Y or inverted V shape. 

Longitudinal scans | along the axillary lines 
Longitudinal scans along the axillary lines were the best 
approach to the left adrenal gland. In most cases, the 
gland appeared as a single-line structure between the 
diaphragmatic crus and the medial aspect of the upper 
pole of the kidnev, often extending cranially to the kidney 
itself. This structure may be related to the body and/or 
the medial wing of the gland. In some cases, by gently 
sweeping the transducer in a medio-lateral direction, it 
was possible to see this image become a double-line 
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structure, due to passage of the beam through both 
wings of the gland (Fig. 6). 


Coronal scans of the right and left kidnevs 

Identification. of the adrenal glands following the 
coronal scans of the kidneys proposed by Sample (1977, 
1978) has not been possible. Using linear-array 
equipment, cranial angling of the ultrasonic beam 
through the upper pole of the kidney was not feasible 
due to the relatively large dimensions of the transducer. 

The only dimension of the adrenal gland that could 
be measured reliably in all subjects was thickness 
(maximum value at the body, 0.56 cm; maximum value 
at the wings, 0.28 cm). 

The cranio-caudal (length) and lateral (width) 
diameters of the adrenals varied widely, depending on 
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FIG 4 


Longitudinal sections of the right adrenal gland obtained 

along the anterior axillary line in the same subject. The image 

on the left shows the adrenal gland (arrow) with a linear shape, 

anterior to the diaphragmatic crus (open arrow). The scan on 

the right is a slightly more lateral image passing through the 

adrenal wings: the gland (arrows) appears as à double-line 
structure. L = liver; K = right kidney 


the portions of the organ contained within the same 
scan plane. However, the maximum length within the 
same scan plane measured in this series was 4.2 cm, 
while the maximum width (body + wing) was 3.5 cm. 

The structure of the gland was hypoechoic, with 
small echoes of the same, or slightly inferior, 
echogenicity as the adjacent diaphragmatic crus In 
some cases, a few higher level echoes could be noted in 
the centre of the gland, arranged along a thin line, 
suggesting a three-layered echo pattern (Fig. 7). Based 
on observations in neonatal adrenal glands, these three 
lines may possibly be related to the medullary and 
cortical portions of the gland (Oppenheimer et al. 
1983) 

On the right side, on some transverse images, the 
adrenal gland had an asymmetric X shape, with the 
long branches pointing postero-laterally and the short 
limbs directed antero-medially towards the inferior vena 
cava. The long branches of the X may be related to the 
wings of the gland and one of the short limbs may be 
due to the body of the organ. The remaining branch, 
which seemed to extend more medially to reach the 
postero-lateral wall of the inferior vena cava, may be 
interpreted. as the central vein of the right adrenal 
gland. This finding may also be observed on computed 
tomographic (CT) images, and relates to the anatomical 
position and the dimensions of the central vein of the 
gland (Mitty & Yeh, 1982) (Fig. 8). 


DISCUSSION 
Identification of structures of small size 
complicated three-dimensional configuration is easier 
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and of 





FIG 5 


Anterior longitudinal scans passing through the inferior vena 

cava in the same subject. On the right, the diaphragmatic crus 

may be identified as an elongated and thick structure (long 

arrow) posterior to the inferior vena cava. On the left, a 

slightly more lateral section allows identification of the gland, 

which appears as a thin linear image (small arrow) L = liver; 
| = inferior vena cava 


using real-time equipment than by manual B-scanners. 
The dynamic capability of these machines makes 
identification of the most suitable scan plane easier. 
since the structure itself may be continuously visualised 
while changing the scan plane with small movements of 
the real-time probe. When applied to the study of the 
adrenal. real-time ultrasonography makes easier dif- 
ferentiation of the gland from the many structures 
which surround it (for example, the diaphragmatic 
crura may be identified by following their course 
cranially, to join the diaphragm, or caudally, towards 
the insertion on the spine) and greatly facilitates 
identification of the best longitudinal, transverse, or 
oblique scanning plane for each patient. Furthermore, 
only about 15 min are needed for evaluation of both 
glands. However, it must be noted that the same 
technical criteria with manual B-scanning, /.é. 
careful and meticulous choice of the best scan plane, 
identification of all structures which surround the gland 
and use of multiple approaches in order to image the 
various portions of the gland from different angles, 
must also be adhered to with real-time machines 

On the right side, the right lobe of the liver gives a 
large acoustic window to the gland, which may be 
analysed from different points of view and then have all 
its portions imaged. On the left, the ultrasound 
approach to examine the gland is more limited and 
imaging of the organ may not be complete. In most 
cases it is limited to visualisation of the body and 
medial wing 

Using manual B-scanners, Sample (1977, 1978) and 
Yeh (1980) reported that small, tortuous vessels such as 
the splenic and renal arteries and veins may be confused 
with a normal adrenal gland, and the oesophago-gastric 
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Longitudinal scans of the left adrenal obtained along the axillarv line in the same subject. In (A) onlv the body and the medial 

wing are within the scan plane and the gland (arrow) presents as a single line. In (B), a more lateral section, both wings (arrows) 

are within the scan plane and an inverted V shape is seen. S = spleen; K = left kidney; the open arrow points to the left 
diaphragmatic crus 


junction and the second and fourth portions of the 
duodenum may be misinterpreted as small adrenal 
masses. Using real-time scanning. such pitfalls seem 
easier to avoid, due to the dynamic identification of 
different suprarenal structures. Possible sources 
misinterpretauon more difficult to avoid are the 
presence of small lymph nodes in the crural region, or 
of nodular thickening of the diaphragmatic crura. The 
second of these pitfalls may be avoided by scanning in 
different degrees of respiration, since this will alter 
crural thickness or nodular thickening may disappear 
Furthermore. it will be possible to identify the 
continuity of the nodules with the normal diaphrag- 
matic crus 

Recently Gunter et al (1984) have published a paper 
about real-time ultrasonography of the adrenal gland 
and, using a mechanical sector scanner, have been able 
to image the normal gland in only one of 60 subjects 
We cannot fully explain the reason for this discrepancy 


with our results. One explanation may be the use of 


of 
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different types of equipment: in sector images, there is a 
decrease in line density which is directly related to 
depth, and this may cause a significant loss of 
resolution in the analysis of small and deeply located 
Structures, such as the adrenal gland. 

Ultrasonography is not currently considered to be the 
imaging method of choice in the evaluation of patients 
with suspected adrenal disease. Better results, in terms 
of both sensitivity and specificity, have been reported 
using CT in this field (Abrams et al, 1982). However. 
comparison studies have been based mainly on manual 


B-scan ultrasonography, and real-time scanning is 
better at demonstrating the adrenal than B-scan 
ultrasound. Higher accuracy in the detection of 
pathological changes affecting the adrenal may be 


achievable by using real-time ultrasound. Prospective 
studies which compare the diagnostic accuracy of CT 
and real-time ultrasonography in this field are needed in 
order to determine the real clinical usefulness of this 
technique in the study of adrenal gland disease 
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FIG 


Longitudinal scan of the right adrenal. A thin, hyperechogenic 


line may be seen in the centre of the hypoechogenic structure 
of the gland, suggesting a three-layered echo pattern, L = liver; 
K —rnght kidney; the open arrow indicates ti 


ne 
diaphragmatic Crus 


right 
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ABSTRACT 

Ultrasonography 1s usually the initia] diagnostic examination 
performed for evaluating gynaecological conditions and pelvic 
masses The authors’ experience with 11 “problem cases" and 
a review of the hterature of such enigmas has led to the 
following recommendations in the following order & plain 
radiograph or repeat ultrasound study, ultrasound study with 
the water enema technique; gastrointestinal examination if the 
answer is still not apparent, followed by computed tomo- 
graphy or a real-time ultrasound study during a clinical pelvic 
examination 


Ultrasonography is usually tbe initial diagnostic 
examination performed in the  elucidation of 
gynaecological conditions and pelvic masses because of 
its superb delineation of the pelvic organs through a 
fluid-filled bladder. However, difficulties may arise in 
identifying the origin or underlying pathology of a 
pelvic mass. This review describes and assesses our 
experience with questionable and unusual pelvic masses 
seen by ultrasonography, as well as the experience of 
others as reported ın the literature. 


COMMON PROBLEMS 

Degree of bladder distension 
In order for the pelvic organs to be visualised on ultra- 
sonography, optimal filling of the bladder is to about 
2 cm above the uterine fundus. This not only displaces 
loops of bowel out of the pelvis, but also helps to avoid 
sound-beam distortion from the pelvic organs. For 
example, when the bladder is only partially full, the 
uterine fundus may appear relatively hypoechoic, 
simulating a leiomyoma. This phenomenon is due to the 
anterior location of the fundus and the need for 
overangulation of the transducer, which can result in a 
suboptimal relationship between the ultrasonic beam 
and the uterine fundus. However, more often, when the 
bladder is only partially filled, there is difficulty setting 
the TGC and overall gain due to an irregular fluid path. 
Even when imaging through a full bladder, distortion of 
the sound beam can occur, leading to misdiagnosis. For 
example, in a patient with a retroverted uterus, the 
posterior angulation of the uterus is not optimal for the 
production of echoes, resulting in a hypoechoic image 
of the fundus that simulates a leiomyoma. On the other 
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hand, overdistension of the bladder distorts the 
relationship between the uterus and vagina, making it 
difficult to identify the infantile uterus in a child or 
post-menopausal woman (Deutsch & Gosink, 1982) 


Abnormal pelvic mass versus normal bowel 

Distinguishing an abnormal pelvic mass from normal 
bowel on sonograms may be difficult. Real-time 
scanning is often helpful in demonstrating areas where 
peristalsis can be identified (Fleischer et al, 1978, 
19822, b). For example, when a fluid-filled segment of 
rectosigmoid colon or small bowel 1s located between 
the uterus and ovary, mimicking a cystic adnexal mass, 
real-time ultrasound may reveal peristalsis and resolve 
the dilemma. Although peristalsis in the small bowel is 
common, it is rare in the rectosigmoid colon. 

Although the sonographic appearance of the rectum 
can vary widely, the rectosigmoid usually contains gas, 
which causes high-level echoes and acoustic shadowing 
(Deutsch & Gosink, 1982). Dermoid tumours, with 
their complex tissue structure, may be interpreted as 
normal bowel (Fig. 1a) (Walsh et al, 1979). Physical 
examination and a plain radiograph interpreted with 
the sonogram (Fig. 1B) can often resolve the issue. 

Confusion can also occur when faecal material filling 
the large bowel (Fig. 24) or a large solid tumour of the 
gastrointestinal tract appears as a solid or mixed pelvic 
mass on sonographic images (Fleischer et al, 1978). 
Kurtz et al (1979) suggest a repeat ultrasound study 
following a cleansing enema to differentiate bowel from 
a pelvic mass. A Dulcolax suppository (Windsor 
Pharmaceuticals) can also be used (Fig. 28). In two of 
our cases, evacuation and cleansing enemas did not 


yt 


alter the appearance of the “mass”. 


Water enema technique 
To distinguish faeces from abnormal findings, some 


authors (Fleischer et al, 1978; Rubin etal, 1978; 
Fleischer et al, 1982b, c, Lewis et al, 1982) recommend 
a water or isotonic saline enema with filing of the 
rectum and rectosigmoid, and a distended bladder 
(Fig. 3. The major pelvic organs are usually not 
completely defined in pre-water sonograms. Likewise, 
the caudal extent of the intraperitoneal space (pouch of 
Douglas) is not usually seen in pre-water sonograms 
unless fluid, such as ascites, is present (Ych & Wolf, 
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FIG | 


(A) Transverse real-time sonogram showing increased echoes of the right adnexa (arrow) without the 
ippearance of a defined mass. Note free fluid in the pouch of Douglas. (B) Radiograph showing a lucent pelvic mass with a 
"tooth" in the right side of the pelvic inlet (arrow) 


Dermoid tumour 


1977). With the water enema technique one can locate 
the large bowel, particularly the rectum, sigmoid, 
caecum, and interfaces between the bowel and the 
pelvic organs (Fleischer et al, 1982b). When filled with 
fluid, the rectum often becomes a sonic window to the 
sacrum, demarcating the relationship between these two 
structures. Rubin et al (1978) have found that when the 
water enema fails to distend the colon, insufflation of 





FIG 


air during real-time sonography will often reveal the 
location of the colon 

We have found the water enema technique to be very 
helpful. In one patient, pre-water sonography was 
followed by sonography with a tap-water enema to 
delineate the retained cervix better and to exclude 


recurrent tumour after chemotherapy (Fig. 3a). The 
ultrasound images correlated with the surgical findings, 
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Retroverted uterus and rectosigmoid pseudotumour before and after evacuation. (A) Sagittal sonogram showing increased echoes 


with acoustic. shadowing posterior to the uterus (arrow). (B) Sagittal ultrasound after a Dulcolax suppository 


the previous 


abnormalities are no longer present 
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Delineation of a true pelvic mass with the water enema technique. (A) Sagittal ultrasound scan of the retained cervix following the 

water enema (B — bladder, C — retained cervix, W — water). (B) Transverse sonogram at the level of the symphysis pubis after 

200 ml of tap water was instilled per rectum shows no change in the mass (arrows); swirling echoes from the water (arrowhead) 
were seen to the left of the mass with real-time sonography 


showing the pelvis to be free of tumour, with some suggested uterine myomas, but the ultrasound image 
fibrosis of the retained cervix. In another patient, the showed three hypoechoic masses suggestive of ovarian 
ultrasound study with the water technique showed masses abutting the uterus (Fig. 4). In contrast to this 
water flowing to the left of a persistent right-sided case of echo-poor parametrial leiomyomas, Nocera et al 
pelvic mass (Fig. 38). Sequential computed tomography — (1984) recently reported two cases of cystic parametrial 
(CT) scans performed to evaluate the liver for biopsy fibroids mimicking ovarian cystadenomas. Further- 
confirmed the pelvic mass. Sigmoidoscopy showed more, extensive cystic degeneration of a leiomyoma 
extrinsic pressure upon the sigmoid colon and explora- has been misdiagnosed on sonograms as à molar 
tory laparotomy subsequently disclosed a 5cm pregnancy or ovarian cyst (Gottesfeld, 1979; Walsh, 
spherical pelvic mass of recurrent endometrial 1979). We interpreted a case of a ruptured ectopic 


carcinoma. pregnancy presenting with gastrointestinal distress and 
a positive human chorionic gonadotrophin test as a 
Uterine versus adnexal mass molar pregnancy because of the large amount of 


Ultrasound studies are frequently requested to adherent blood, which made the uterus appear enlarged 
determine whether a palpated pelvic mass in a female is (Fig. 5). At surgery, the initial impression was that of a 
of uterine or adnexal origin. Uterine smooth muscle large. haemorrhagic uterine neoplasm before the correct 
tumours have no pathognomonic ultrasound diagnosis became evident. 
appearance, but the more common leiomyomas (intra- 
mural leiomyomas) distort the uterine outline and Ultrasound versus computed tomography 
create an enlarged uterus, often irregular in contour. Ultrasound has been the primary modality for 
Subserosal leiomyomas protrude beyond the uterine assessing pelvic malignancies, but the role of CT in the 
outline and, thus, may simulate solid ovarian lesions pelvis has increased. Although the most operator- 
(Walsh. 1979: Walsh et al. 1980). In one of our cases. dependent modality (Lewis et al, 1982), ultrasound is 
the history and physical examination of the patient the most revealing modality for the detection of ovarian 
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masses, being more consistent than CT in determining 
the ovarian origin of pelvic masses (Walsh, 1979). Also, 
CT does not depict normal ovaries as clearly as does 
ultrasound (Walsh et al, 1978). Walsh reported that 
cervical carcinoma is more clearly demonstrated by 
ultrasound studies than by CT, since both sagittal and 
transverse scans can be obtained with ultrasound 
(Walsh, 1979) while, with real-time scanning, any plane 
giving a good image is feasible. However, reconstruc- 
tion of CT images in sagittal, coronal, paraxial and 
oblique modes also allows CT multiplanar imaging. A 
technically adequate sonographic study may reveal a 
mass smaller than 2 cm in diameter because of its echo- 
free nature and sharply defined margin, but a solid mass 
less than 2 cm in size may escape recognition (Lewis 
etal, 1982). Computed tomographic imaging with 
contrast-filled bowel and scans at | cm intervals would 
be more likely to detect a small, solid mass. 

Neither modality is without shortcomings, but it is 
becoming clearer which one is better in specific 
instances. Sanders et al (1983), investigating recurrences 
of carcinoma of the cervix, endometrium and ovary in 
110 patients, recorded five examples of peritoneal 
studding missed by CT and one missed by ultrasound, 
four vaginal lesions not seen with ultrasound and three 
Uterine leiomyomas mimicking adnexal masses. Transverse not seen with CT and bladder involvement not seen 
sonogram 3.2cm above the symphysis pubis shows three with CT. Recurrent tumours were detected with equal 

masses abutting the uterus (M = mass) accuracy by both ultrasound and CT. Both modalities 





FIG 4 





Fic. 5 


Ectopic pregnancy mimicking a molar pregnancy. (A) Transverse sonogram 4.1 cm above the symphysis pubis shows apparent 

enlargement of the uterus (arrows). (B) Sagittal ultrasound image 0.7 cm to the right of the midline shows the apparent uterine 

enlargement to be due to adherent blood (arrow). Arrowhead points to the actual posterior uterine wall. Distance between 
dots = | cm 
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were less accurate in the detection of associated lesions sonography. However, CT was more sensitive than 
away [rom the original tumour site. Walsh et al (1980) ultrasound for identifying pelvic adenopathy or para- 
reported that lateral pelvic wall nodes from cervical aortic adenopathy in a study by Walsh (1979). In 


carcinoma as small as 2cm have been imaged by endometrial carcinoma. Brascho et al (1978) concluded 





FIG. 6 


Crohn's disease of the small bowel presenting as a pelvic mass, (A) Small-bowel barium enema demonstrates 18 cm of narrowed. 

fixed terminal ileum (arrow), devoid of the normal valvulae conniventes. (B) Lateral spot film of rectosigmoid colon from the 

double-contrast barium enema showing compression by an extrinsic mass (arrow). Note extravasation of contrast material from 

the sigmoid colon (arrowhead). (C) Transverse sonogram about 0.5 cm above the symphysis shows a hypoechoic, ill-defined mass 

in the pouch of Douglas (M) (5 cm transversely x 3 cm deep x 6 cm long) with poor posterior wall acoustic enhancement. (D) A 

CT scan at the level of the fifth sacral vertebra reveals fluid in the pouch of Douglas (f), an ill-defined retrouterine solid mass (M). 
and 8 cm thickening (arrow) of the wall of a small-bowel loop 
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Mesentery mimicking a pelvic mass. Sagittal sonogram 
showing an echogenic mass (M) posterior to the bladder. 


that ultrasound does not give optimal results in the 
detection of tumour extension beyond the serosal 
surface unless the lesion is massive. For staging pelvic 
malignancies, CT scanning is the modality of choice 
because it clearly shows pelvic wall extension and any 
bony involvement. Abdominal organ involvement with 
tumour, lymphadenopathy, and pulmonary metastases 
are also well imaged by CT, and density measurement 
of lesions is an additional advantage. For detecting or 
determining the presence of the organ of origin of a 


pelvic mass, ultrasound appears to be the modality of 


choice. 


Choice of studies for characterising a pelvic mass 

The question arises as to which diagnostic modality is 
the most helpful for further assessing a mass seen on 
ultrasound. The only additional study needed may be a 
follow-up ultrasound scan, performed after a cleansing 
enema or suppository to induce evacuation (Fig. 2), or 
after normal evacuation or a pelvic radiograph 
(Fig. 1B). But if a "mass" persists on serial sonograms, 
even after evacuation, the water enema technique may 
be necessary to differentiate the bowel lumen from the 
surrounding pelvic organs (Fig. 3). 

Barium examination will often be definitive (Bell & 
Burke, 1982). In three of our ll patients, gastro- 
intestinal examination provided the necessary informa- 
tion. In one patient, the absence of a mass in 
the region of the rectosigmoid was shown by 
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proctosigmoidoscopy, colonoscopy and a barium 
enema study; in a second, normal bowel was diagnosed 
by a barium enema alone. In the third patient, the 
diagnosis was determined by large- and small-bowel 
barium examinations (Fig. 6^, B), which clearly showed 
a deformed caecum and a fixed terminal ileum. 
Sequential sonography performed to delineate the 
pelvic mass revealed an unchanging mass about 0.5 cm 
above the symphysis pubis (Fig. 6c). A subsequent CT 
scan showed a soft-tissue mass and a thick-walled loop 
of small bowel (Fig. 6D). Surgery confirmed the 
diagnosis of Crohn's disease and also revealed matted 
small-bowel loops in the pelvis and both ileocolonic and 
ileovesical fistulae. 

Consultation with the surgeon regarding a post- 
operative sonogram can also provide important 
information as to the nature of an apparent pelvic mass. 
The echogenic "mass" seen in Fig. 7 remained 
unchanged sonographically over | week and was 
proved at autopsy to be fatty mesentery placed behind 
the bladder at the time of bowel resection for a 
colorectal fistula. 

Physical examination of the pelvis during real-time 
sonographic scanning has recently been discussed in one 
publication (Bluth et al, 1984). This co-operative 
endeavour may make other modalities unnecessary and 
can sometimes resolve the diagnostic dilemma. The 
value of this technique was evident in one of our cases 
in whom echoes were seen as the examining finger 
ballotted the suspected "pelvic mass". The relationship 
of the "mass" to the pelvic organs then became 
apparent. The questionable mass felt like normal bowel 
to the examiner and could be seen to lie around the 
examining finger in the rectum during real-time 
scanning; this finding was verified by a barium enema. 

For pelvic pathology. CT can be complementary to 
ultrasound in complicated cases and can serve as the 
primary modality for the staging of malignancy or for 
evaluating disease that extends to the pelvic walls. 
Computed tomography is relatively expensive, however, 
and its use as a screening or primary modality may not 
be cost effective (Walsh et al, 1978). 


CONCLUSION 

From our own experience and a review of the 
literature, we recommend that for characterising a 
pelvic mass seen by ultrasonography, a plain radio- 
graphic study or repeat ultrasound examination be 
performed and correlated with the history and physical 
examination. An ultrasound study combined with the 
water enema technique is suggested as the next 
examination, followed, if necessary, by a barium 
examination of the gastrointestinal tract, a CT scan or a 
real-time ultrasound study during a clinical pelvic 
examination. In most cases, close correlation with the 
history and physical examination may lead to the 
proper sonographic interpretation. Sometimes, how- 
ever, the correct imaging interpretation. becomes 
apparent only after surgery. 
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Paediatric Diagnostic Imaging. By Catherine Gyll and Noel 
Blake, pp vim+227+mdex, 1985 (Heinemann, London), 
£29 95 

ISBN 0-433-12700—7 

In the preface to this excellent book the authors state, “The 
standard of pacdiatric radiography in general hospitals can be 
improved only by knowledgeable senior radiographers, and by 
radiologists who are aware of how the radiographs, on which 
they report, have been produced”. The book ams to increase 
this knowledge and swarences by descriptions of the 
radiographic techniques more suited to children, with advice 
on immobihsation and protection, and notes on paeediatnc 
pathology The chapters are well set out, and the numerous 
illustrations are of a very high standard. 

Advice on handling and tmmobulisation 1s very sensible and 
practical, but it 1s surprising that two helpers holding on either 
side of the patient is not preferred to one person 
suitably protected) holding in the direct beam The comments 
on special paediatric screening units would not meet with the 
approval of all paediatric radiologists. 

The chapter on chest and neck radiography is particularly 
good, and the many reproductions of radiographs show the 
high standard it is possible to attain using simple methods. 
Another outstanding chapter is the one on limb injuries. 
Difficulties expenenced in producing accurate projections with 
the minimum upset to the patient will be largely solved by 
following the authors' advice. 

A wealth of information is contained in the section on the 

new-born infant fróm advice on film-screen combinations, 
descriptions of incubators and hfe-support systems to handling 
techniques, reasons for requests and common faults in 
radiographic technique. Reference is made to the roles of 
sonography, computed tomography and radionuclide imaging 
in the care of the neonatal patient. 

The last section of the book, rather unfortunately called 
“Imaging Scans”, is not as detailed, and 1s more controversial 


than the rest, but achieves its aim of showing the place of the 
new modahtes in the tnc field. 

The book will be invaluable to the training programme 1n 
paediatric X-ray departments and as a reference book in 
general X-ray departments. For radiographers and radiologists 
wishing to improve tbe standard of paediatric diagnostic 
imaging in their departments, it is a very worthwhile purchase. 

ELIZABETH MARION NEILL 


Cancer of the Female Reproductive System. Ed. by Christopher 
J. Williams and J Michael A. Whitehouse, pp. 370, 1985 (John 
Wiley & Sons, Chichester), £39.50. 
ISBN 0-471-90470-8 
This is the third volume of a series of books concerned with 
cancer assessment and management. The editors have 
assembled 36 authors to contnbute 26 chapters on different 
aspects of both problems. The contributors are well chosen for. 
their acknowledged experience and interest in gynaecological 
oncology and they have produced a series of essays. In fairness 
to the individuals, the majority of these are well written, clear 
and concise. The different primary tumours are dealt with 
satisfactorily within this framework, but m the investigational 
chapters there is a strong impression of dragging out the 
relevance of the different aspects of the imaging techniques. 
Sequential reading of the chapters in this region does not lead 
to the construction of a logical investigational scheme. 
Enthusiasts can present a well constructed and appealing case 
for, for example, clonogenic assays, histological grading or for 
hormone receptor measurement. I feit a need for a balanced 
overview of these different aspects of investigation. The 
literature is replete with review articles on the different 
subjects. To be valuable to busy clinicians or trainees this book 
needed to be edited to draw the expenence of the different 
authors together. Otherwise it is the state of the art 1985, and 
it s now 1986 

R D. HUNTER 
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ABSTRACT 

indium-111 leucocyte scanning has been shown to be a highly 
accurate technique for detecting abscesses and assessing 
inflammatory bowel disease. We have encountered two cases of 
colonic carcinoma which presented as suspected inflammatory 
bowel disease and were found to localise '''In-labelled 
granulocytes. Histology revealed an acute inflammatory 
infiltrate in these tumours. These results indicate that '!'In 
granulocyte scanning has limitations in the diagnosis of 
inflammatory bowel disease. 


Indium-I11 labelled leucocyte scanning has been 
established as an accurate imaging technique in the 
diagnosis of abscesses (Segal et al, 1976; Knochel et al, 
1980; Carroll et al, 1981; Saverymuttu et al, 19832). It 
has the advantage over gallium of providing a rapid 
result and avoiding problems with false positive 
localisation due to tumours, renal tract or bowel 
excretion. This lack of bowel excretion has led to its 
widespread use in the assessment of disease distribution 
and activity in inflammatory bowel disease (IBD) (Segal 
et al, 1980; Saverymuttu et al, 1982, 1983b; Stein et al, 
1983). Indeed, it has been suggested that “this 
procedure may become the routine mechanism for 
identifying recurring inflammatory colitis" (Froelich & 
Swanson, 1984) and has the potential in. IBD for 
diagnosis, staging and monitoring response to treat- 
ment (Kipper & Williams, 1982). 

A high degree of specificity has been reported with 
!! In leucocyte scanning, ranging from 90-100%, both 
for abdominal abscesses (Segal et al, 1976; Knochel 
et al, 1980; Carroll et al, 1981; Saverymuttu et al, 
1983a) and also for IBD (Froelich & Swanson, 1984; 
Saverymuttu et al, 1983c). However, recent studies have 
noted some non-specificity with '''In activity in 
rejecting renal transplants (Frick et al, 1979) and 
haematomas (Wing et al, 1984). These false positives 
might be explained by contaminating platelets or 
mononuclear cells, which, according to recent estimates, 
comprise a large proportion of !'!In activity on the 
standard mixed leucocyte preparation (Dewanjee, 1984; 
Dewanjee et al, 1984). The mixed leucocyte preparation 
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has recently been modified to increase its specificity for 
acute inflammation by labelling a pure granulocyte 
fraction free from platelet and mononuclear cell 
contamination (Danpure et al, 1982; Saverymuttu et al, 
1983b). Despite the need for an additional separation 
stage, viability has been preserved by maintaining 
granulocytes in plasma during separation and labelling 
in plasma with '''In tropolonate. These cells demon- 
strate rapid localisation in sites of inflammation (Peters 
et al, 1983; Saverymuttu et al, 1983d). 

We have recently noted false positive localisation of 
iiin granulocytes in two cases of suspected 
inflammatory bowel disease who subsequently were 
shown at laparotomy to have colonic carcinoma. 


CASE REPORTS 

Case | 

A 65-year-old woman presented with intermittent colicky 
abdominal pain with watery diarrhoea for the previous 6 
months. Examination was normal, as were routine laboratory 
studies apart from an erythrocyte sedimentation rate (ESR) 
which was raised at 44 mm in the first hour. Radiology was 
suggestive of caecal narrowing thought to be due to an 
infiltrating carcinoma or Crohn's disease (Fig. 1). An !''In 
granulocyte scan (Saverymuttu et al, 1983b), performed with 
views at Ih and 3h, showed mild caecal inflammation 
(Fig. 2). Laparotomy showed a caecal tumour without 
evidence of local perforation or abscess formation. Histology 
showed a Duke's B carcinoma with a mild acute inflammatory 
infiltrate. 


Case 2 

A 60-year-old woman presented with a 3-month history of 
subacute intestinal obstruction with intermittent diarrhoea, 
associated with 14 lb weight loss. There was no history of 
rectal bleeding. She was anaemic (Hb 10.7 g/dl), hypo- 
albuminaemic (albumin 30 g/l), but the ESR was normal. 
Small-bowel enema, the initial investigation, showed delayed 
small-bowel transit and some dilated loops but no definite site 
of obstruction. An !''!In granulocyte scan showed intense 
localisation in the region of the hepatic flexure on the | h and 
3 h scans (Fig. 3). Barium enema revealed a carcinoma at the 
hepatic flexure which was resected at laparotomy (Fig. 4). 
Again, there was no evidence of perforation or local abscess 
formation to account for the positive scan. Histology showed 
Duke's B carcinoma with a prominent acute inflammatory 
infiltrate (Figs 5 and 6). 
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Barium enema showing an abnormal lower pole of the caecum 
due to a caecal carcinoma 





Case 1. 

Abdominal scan | h after injection of labelling granulocyte 

showing, in addition to the normal activity in liver, spleen and 

bone marrow of the lumbar spine, that there is focal activity in 
the right iliac fossa corresponding to the caecal carcinoma. 
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Abdominal | h after injection. of labelled granulocvte 

showing in addition to the normal distribution of activity in 

the liver, spleen and bone marrow there is intense abnormal 

activity in the right upper quadrant corresponding to the 
hepatic flexure carcinoma 
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scan 


DISCUSSION 

There is a need to improve our diagnostic approach 
to IBD. Recent studies have shown the standard 
approach based on clinical assessment, barium studies 
and laboratory tests is inadequate, a definite diagnosis 
of Crohn's disease being made in only 6-20% of cases 
after initial. investigations (Dyer & Dawson, 1970; 
Admans et al, 1980). Several factors contribute to 
difficulties in diagnosis, including the large degree of 
overlap in symptoms with the ubiquitous irritable bowel 
syndrome (Thompson, 1984) and suboptimal or 
equivocal radiology. Furthermore, it is now known that 
good-quality bowel radiology can miss extensive 
inflammatory bowel disease (Elliott etal, 1982; 
Kingham et al, 1982). Indium-11]1 leucocyte scanning 
should be the ideal imaging procedure for diagnosing 
IBD since it is non-invasive, screens both small and 
large bowel in the single investigation and depends on 
the presence of inflammation. Furthermore, in small- 
bowel disease where a barium follow-through is 
equivocal and the lesions inaccessible to endoscopy, 
I! In leucocyte scanning might provide an alternative 
to laparotomy. In an early study using the standard 
mixed leucocyte preparation, no positive results were 
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Fic. 4. Case 2. 
Barium enema showing obstruction at the hepatic flexure due 
to a carcinoma. 


noted in the irritable bowel syndrome and a variety of 
non-inflammatory bowel diseases including bowel 
carcinoma (Saverymuttu et al, 1983c). More recently, 
the more specific preparation, '''In-labelled granulo- 
cytes, has been used prospectively to detect IBD and 
found to be more sensitive than full bowel radiology, 
without any false positives (Saverymuttu et al, 1985). 
However, no gut carcinomas were included in this 
study. 

The present report illustrates the 
leucocyte scanning in the diagnosis of IBD, but it 
should be remembered that this limitation does not 
apply to its value in assessing known cases of IBD. 
Previous reports demonstrating false positive localisa- 
tion may be explained by the scanning technique or cell 
preparation used. For example, positive scans due to 
swallowed leucocytes (Coleman & Welch, 1980) would 


have been negative if early scans (within 4h of 


injection) had been performed. In the case of rejecting 
renal transplants (Frick et al, 1979), haematomas (Wing 
et al, 1984), tumours such as histiocytic lymphomas 
(McDougall etal, 1979) or skeletal metastases 
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Fic. 5 


Inflammatory infiltrate adjacent to the advancing edge of 


colonic adenocarcinoma (bottom right). Haematoxylin and 


eosin (H&E) x 17 


(Sfakianakis et al, 1982), localisation could be due to 
contaminating platelets or mononuclear cells (Dewanjee 
et al, 1984; Dewanjee, 1984). It would be expected that 
'''In granulocyte scans would be negative in these 
cases. However, the present report highlights the well 
known histological feature that necrosis with an acute 
inflammatory infiltrate may occur in many colonic 
tumours (Kissane, 1985). Under the circumstances. 
although '''In granulocyte scanning correctly identified 
inflammation (and so, technically, was a true positive 
scan), the result was misleading since the test has until 
now been regarded as specific for inflammatory bowel 
disease. It is surprising that more false positives due to 
tumours have not been reported but this may reflect the 
reduced sensitivity of the standard mixed leucocyte 
preparations, compared with the pure granulocyte 
preparation, in localising acute inflammation. Despite 
these false positive results in colonic tumours, '''In 
granulocyte scanning remains a valuable technique in 
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High-power view of the inflammatory area showing an 
infiltrate of polymorph leucocytes and necrotic debris among 
serosal connective tissue (H&E x 70). 


assessing known cases of IBD and has the potential to 
become the procedure of choice for assessing 
therapeutic regimes. However, the present cases clearly 
demonstrate the pitfalls of '''In granulocyte scanning 
in the diagnosis of IBD and stress the need for 
independent confirmation. 
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The Dosimetry of Ionizing Radiation, Vol. 1. Ed. by KX. R 
Kase, B. E. Byirngard and F. H. Attix, pp. x+406+index, 
1985 (Academic Press, London), Hardback £60.50, Paperback 
£31 
ISBN 0-12-400401—6 (hardback) 

0-12-392651—3 (paperback) 
This is the first volume of a new comprehensive treatise on all 
aspects of radiation dommetry which will take the place of the 
existing standard work, first published by Academic Press in 
1956. The editors for the new treatise are Kase, Bjárngard and 
Attix, the last-named having been leading editor of the second 
edition, so this provides for continuity as well as innovation. 

This book begins with a chapter by Carisson on the 
theoretical basis for dosimetry which includes a good discussion 
of the energy quantities involved and of the special radiometric 
quantities. Kelierer has contributed an extensive chapter on the 
fundamentals of microdosmetry, a subject which he and Ross 
founded and have continued to develop. Dutreix and Bridier 
write on the dosimetry of external beams of photons and 
electrons, while Broerse, Lyman and Zoetelief discuss the 
special problems of the dosimetry of heavy particles. There is 
then a chapter by Liden and Holm on the measurement of 
environmental radioactivity and a final one, by Johnson, on 
internal dosmmetry for radiation protection. 

The authors’ names would be sufficient guarantee for the 
quality of their contributions and they have, indeed, taken 
trouble to make this volume a worthy successor to the earlier 
book. Each chapter 1s self-contained but there is little or no 
unnecessary overlap, so the editors have given effective 
guidance The older, basic literature is not neglected but 
references from the '80s are numerous and the impression of 
the whole volume is that it grves very good coverage of the 
present state of the art. It is of interest to note that Anglo- 
Saxons no longer dominate the subject. Among the 10 authors 
of the six chapters there are only two from North America. 

The typography 13 clear and elegant and the binding, at least 
of the hardback edition, strong enough to survive many years 
of hard use. Alas, the price 1s high, but the publishers are to be 
congratulated on also producing a paperback edition at about 


half the price, which will tempt workers in the field to add this 
book to their personal library, 
J. W. BoaG 


DRGs for the Radiologist. Their Meanmg and Impact. By R T. 
Weiner and R. P. Caterinicchio, pp. x+111, 1985 (John Wiley 
& Sons Ltd, Chichester), £17.95 

ISBN 0—943432-41-3 

DRGs are “ is related groups” which have been 
developed in the United States in response to the need to 
determine in advance the price per case admitted to hospital 
for later Federal reimbursement. In the past the Federal 
Government has met the cost of services "without regard for 
the legitimacy of those costs" This prospective payment system 
is a revolutionary reversal of tbe traditional method by which 
inpatient hospital care has been financed. These changes have 
thrown a novel task and responsibility upon hospital 
management in the United States. It has also changed the role 
of the radiologist away from simply responding to demand to 
a more radical assessment of the cost effectiveness of cach 
termination. Not all those who are implementing the changes 
are enthusiastic The initials DRG are held by 
many to stand for "De Revenue's Gone”. This littl volume, 
economically presented in soft covers, will be of great interest 
to American readers. 

The technique of conmdering patients within diagnosis 
related groups has considerable value for management within 
the British National Health Service. However, because the 
National Health Service is cash inmited and not funded for 
each treatment episode it is not possible to transfer the whok 
philosophy unchanged across the Atlantic. The calculations 
within a National Health Service must be made from an 
inverse direction to allocate funds from within a pre-fixed total. 

The authors also, quite naturally, concentrate on the impact 
of the system on radiological practice in the United States. The 
volume, therefore, 1s of limited value for British readers and 
will only be appreciated by the enthusiast. It cannot be 
recommended for wide readership in this country. 

JOHN ROYLANCE 
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ABSTRACT 

Methods and results are given to enable the computation of 
radiation dose as a function of depth in the wall of a 
suprasellar cyst containing radioactivity, Both f- and y- 
emitting nuclides are considered. The methodology considers 
distribution of the radioactivity on the cyst wall (spherical shell 
geometry) and distribution uniformly in the fluid (volume 
geometry), 


Introduction of radioactive colloids into non-resectable 
cystic suprasellar neoplasms as a treatment modality 
has been reported previously (Wycis et al, 1954: 
Lindgren & Westberg, 1964; Bond et al, 1965; Leksell et 
al, 1967; Backlund et al, 1972; Backlund, 1973; 
Kobayashi et al, 1981; Balachandran et al, 1985). This 
paper describes the dosimetric principles involved as 
applied to several f- and y-emitting nuclides with 
therapeutic potential, Cyst geometry and distribution of 
the colloid within the cyst are taken into consideration. 


METHODS 


Technical aspects 

Suprasellar cysts typically are roughly spherical in 
shape (Fig. 1) and lie near the optic nerve. To assure 
minimal irradiation. of critical surrounding tissue, a 
fairly precise dosimetry is indicated. One wishes to 
determine the dose to the wall of the cyst as a function 
of depth. The wall thickness is typically about 3 mm. 
The colloid has previously been found to be distributed 
with a large fraction attached to the wall of the cyst and 
the remainder distributed inside the cyst fluid 
(Balachandran et al, 1985). Other investigators have 
also noted the attachment to the inner surface of the 
cyst (Wycis et al, 1954; Bond et al, 1965). 

In dosimetry calculations other technical and clinical 
items of importance are: 


(a) accurate radioassay of the radiopharmaceutical prior 
to administration and to account for the residue 
after treatment; 

(b)imaging of the patient's skull after administration 
(Balachandran et al, 1985) to determine the actual 


* This paper reflects the views of the authors and does not 
necessarily reflect the policies or procedures of the Veterans 
Administration Medical Center. 
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amount Incorporated in the cyst, extracystic tissue 
and decompression reservoirs; and 

(c) determination of cyst-wall thickness and cyst volume 
by an appropriate imaging modality (computed 
tomography (CT) or magnetic resonance imaging). 


Dosimetry principles 

General. Radiation dose to the cyst wall arises from 
the activity distributed on the inner surface of the cyst 
and that mixed in the cyst fluid. The nuclide considered 
may emit f and/or y radiation. The ideal nuclide, 


/ 
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Contrast-enhanced CT scan of the head showing a cystic 
neoplasm in the sella turcica. 
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though, would intuitively appear to be a pure f-emitter 
with a high energy and a relatively short half-life. The 
dose delivered to surrounding tissue should be low. In 
this investigation the nuclides chosen were ??P, ??Y and 
19*5Au, which have previously been used for this 
treatment, and !?!] and ?^Na were included to 
investigate the effects of medium- to high-energy y and 
B particles on depth dose. 

Calculations. The symbols used in the following 
equations are: 


F(x,X9o) = f particle scaled absorbed dose distribu- 
tion 


B,,(u#x) = energy absorption build-up factor 
R(x) = dose-rate at a distance xcom (Gy/s 
(100 rad/s)) 
R» = dose computed to infinite decay time 
u = linear energy absorption coefficient 


absorption coefficient 


p = density of medium, assumed to be unity 
in calculations (g/cm?) 

S, or Sy = source activity in units of 3.7x 
10* Bq/cm? (3.7x10* dis/s/cm?), S, 
or 3.7x10*  Bq/cm?  (3.7x10* 
dis/s/cm?), Sy 

X99 = B particle distance for 90% absorption 
(cm) 
n = number of particles or photons emitted 
per nuclear transformation 

E, or E,- energy (MeV) of y radiation, mean 

energy (MeV) of B radiation 
k = constant, energy to dose conversion, 
1.6x10 !? g Gy/McV 
(1.6 x 1075 grad/MeV) 
Dose calculations for the following situations are 
(a)depth dose from a uniform activity of 
3.7 x 10* Ba/em? (1 uCi/cm?) on the interior of a 
spherical shell; and 
(b)dose from a uniform activity of 3.7 x 10* Bg/cm? 

(1 uCi/cm?) contained inside a spherical volume. The 

medium inside and outside the sphere is assumed to 

be comprised of the same tissue-equivalent material. 


Beta and photon emitters are considered for both 
cases (a) and (b). 

The spatial description of the dose from extended 
(volume or area) source geometries is given in several 
standard radiation dosimetry and shielding references 
(Blizard, 1962; Blizard et al, 1968; Chilton et al, 1984). 
For extended photon sources, the point kernel 
described by: 


G(x), = [exp (—yx)/4x x^]: Bu (ux) ` [p 


is integrated with the source geometry considered. 
These integrals cannot always be evaluated analytically 


TABLE I 
PHYSICAL CHARACTERISTICS OF NUCLIDES CONSIDERED 


Nuclide Half-life (h) E,(MeV) E,(MeV) m 


“Na 15 0.555 1.0 
1.37 10 
2.75 1.0 

"P 343 0.69 10 

d d 64 0.94 1.0 

ET 193 0 183 1.0 
0.364 0 82 
0.080 0.0258 
0.284 0.0578 
0.637 0.0653 
0.723 0.0173 
0.030 0.037 

198 Au 64.7 0.316 1.0 
0 4117 0 955 
0.6758 0.0107 
0.070 0.02 


but for some simple geometries they can be integrated 
numerically with the aid of a computer. 

The treatment and application of f point kernals are 
described by Berger (1970, 1971) and the integrals over 
various source geometries aro treated in a similar 
fashion as the y point kernels. 

Doses were computed at depths of interest for an 
initial dose-rate R(z) and the dose duc to total decay, 


R, = R(x) N exp ( — At)dt. 
0 


The physical parameters of the nuclides considered 
are given in Table I (Dillman & Von der Lage, 1975). 


Spherical shell source: beta-emitters 

The geometry of a spherical shell source is closer to 
the physical situation than the plane source geometry 
given previously (Balachandran et al, 1985). 

The dose-rate at x from the surface of a spherical shell 
of radius r 1s: 


s+2r 
R,(z, B) = 2x SAnkE ,(r/r +2) | xG(x,dx (1) 
(Chilton et al, 1984; Blizard et al, 1968). 
The f point kernel G(x), may be formulated as: 
G(x), — F a (x/xso)/Axpx? *90 


(Berger, 1971). 
We may write Equation (1) for f emitters then as: 


R ef) = (SankE,/2px90)(r/r + 1) 
FQxxsoxdx (2) 


Tabulations of the f point kernel for various nuclides 
are given in the same reference. For the evaluation of 
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the integral in Equation (2), F,(x/x yo) was written in 
terms of a polynomial as: 


4 
Fí(x/xoo) = L a,x’, 
for each of the f-emitting nuclides. 


Spherical shell source: photon-emitters 
Similarly to Equation (1) for B-emitters, for y-emitters 
in a spherical shell geometry: 


R,(z, B) = 2x S,nkE, (r/r + z) | x G{x),dx (3) 


where G(x), the point kernel for y-emitters is 

G(x), = exp (— ux)/Axx* : By (ux) Hea/P 
(Berger, 1968). 
The mass energy absorption coefficient u/p was taken 
from Hubbell (1977). The build-up factor B(x) can 
be written as 

B (ux) = 1 -- aux exp (bux), 

(Chilton, et al, 1984), 
where the constants a and b are tabulated in Chilton et 
al (1984) Thus, Equation (3) can be written: 


R,(z, y) = (SAnkE,/2) : um [p (rfr +z) 
L (exp (—ux)x--auexp[ux(b—1)]jdx (4) 


x 


Spherical volume source: beta-emitters 

For a spherical volume source in which the activity is 
distributed uniformly inside the sphere, the dose-rate at 
a distance z from a sphere of radius r is: 


Ry(z, B) = SynkE, N x? W(x)d(x), dx (5) 


(Berger, 1970), 
where w(x) is the geometric reduction factor as 


discussed in Berger (1970). For a point of interest 
outside the sphere (z > r): 


0 (0 « x « z—r) 
Wx)2 r—(x-rzfáxi (z—-r<x<z+r) 
0 (i-r <x) 


G(x), as previously described is then inserted into 
Equation (5) and the resultant equation is then 
integrated numerically. 


Spherical volume source: photon-emitters 

The method used to evaluate the dose-rate at a point 
outside a sphere containing a uniform distribution of 
activity has been adapted from Ono & Tsuruo (1965). 

The geometry and attenuation media considered are 
a y-emitter uniformly distributed in a sphere (radius R) 
composed of aqueous material with tbe attenuation 
medium outside the sphere identical to that inside. The 


dose is computed at a point a distance z from the 
surface of the sphere. We may then write for the dose 
outside the sphere: 


R(x) = T |: exp(—-ux)4Axx'B.(ux)dY (6) 


where T= SynkE,(u,,/p), x= z+R, and Bux) is as 
previously given. Using geometrical relationships and r, 
$ and w as variables of integration as shown in Ono 
and Tsuruo (1965), we can write Equation (6) as: 


Re = Tr | "|^ | = PC n quo 
ndi sing sec dr dd dy 


$o fri 
aR exp (— ur sech) B,, (ux) tang dr do 


*o 
= Tpu | [exp (— ur, secp)—exp (— ur; sec) | 
B,(ux)singdd (7) 


Equation (7) was then integrated numerically using 
Simpson's rule. 


RESULTS 

Doses at depths up to 4.6 mm outside the sphere were 
computed for the nuclides mentioned for sphere 
volumes of 1, 5, 10, 20, 50, and 100 cm?. 

For the f spherical shell geometry there was little 
difference in the dose at depth as a function of sphere 
volume for the nuclides considered. Figure 2 presents 
this relationship, which holds for all the nuclides, 
suggesting there is no energy dependence. Figures 3 and 
4 give the numerical results of the dose calculations for 
both R&í(z, B) and R, using Equation (2). A sphere 
volume of 20cm? and a uniform distribution of 
3.7 x 10* Bq/cm? (1 uCi/cm?) was assumed. 





3mm Depth 







Sv 10 
VS o Imm Depth 
.9 





IO 20 30 40 50 60 TO BO 90 100 
SPHERE VOLUME, mi 


Fra, 2. 
B dose at depth dependence on volume of sphere for spherical 
shell geometry. Dose ratio is for sphere volume stated (Sy) to 
20 cm? sphere (S29). 
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INITIAL DOSE RATE PA Gy/h(xlO'rad/h) 





DEPTH, mm 


FiG. 3. 
Initial f dose-rate at various depths around a sphencal source 
of 20 em? with an activity of 3.7 x 10* Bq/cm? (1 pCi/cm?) 
uniformly distributed on wall of sphere (spherical shell 
geornetry) 


Figure 5 summarises the results of the sum of the 
doses computed for both f and y emissions from each 
nuclide, if applicable. The “flattening out" of the curves 
at increasing distance for !?*Au, 1I and **Na 
represents the contribution from the y emissions. The 
photons contribute a relatively high component of the 
dose at small distances. For ?*Na and !**Au the dose 
from the fl particles exceeded that due to the y emissions 
only at depths less than about 2 mm for the spherical 
shell geometry. For !?!I the 7 dose exceeded the f) dose 
at all depths greater than about 0.5 mm. 

It was found that the dose contribution from a 
uniform activity in the sphere volume (Sy) for B and y 
emitters was a small fraction of that contribution from 
the activity on the wall of the sphere. For ??P and ?°Y, 
this fraction was less than 10% for 1 mm and 3mm 
depths. Figure 5 shows results of the other nuclides for 
the spherical volume geometry. For the y-emitting 
nuclides, there was lees of a difference between the 
geometries, although the volume/shell fraction at 
distances Jess than 3mm remained less than 0.25. 
Figure 6 shows the doses delivered at depth for the 
spherical shell geometry, with the activity normalised to 
deliver 100 Gy (10 krad) at 3.0 mm. The y contnbution 


782 


I 





ic! 
1 
ES 
<< 
e 
> 10° 
& 
$ 
Q 
s 
3 
W joi 
x 

ml 

DEPTH, mm 
FtG. 4. 


Integrated B dose at various depths around a spherical source 

of 20 cm? with an activity of 3.7 x 10* Bq/am? (1 uCi/cm?) 

uniformly distributed on wall of sphere (spherical shell 
geometry). 


becomes more pronounced at depths greater than 
3 0 mm, as is shown. It may be seen that ?^Y gives a 
higher dose than ??P at depths greater than 3.0 mm, 
which may be a consideration when dose to 
surrounding tissue is of concern. However, if the total 
dose must be delivered in a short period of time, ??Y 
might be the nuclide of choice; °°Y delivers 90% of its 
total dose in 9 days while ??P, for example, delivers 
90% of its total dose in 45 days. 


DISCUSSION 

Previous reports in the literature of the radiocolloid 
treatment of cysts (Wycis et al, 1954, Bond et al, 1965; 
Leksell et al, 1967; Backlund et al, 1972; Kobayashi et 
al, 1981) have treated the dose calculations less 
rigorously than in this paper. The previous reports 
usually discussed the dose at the inner surface of the 
cyst rather than the dose at depth in the cyst wall and 
surrounding tissue, as given in this paper. Further, the 
computational methods used and the lack of nuclide 
distribution information generally given make it difficult 
to compare the present results with the previous 
reports. Results of the previous studies which can be 
directly compared with this study are summarised in 
Table II. 
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INTEGRATED DOSE, Re, Gy (x O^ rod) 





5 10 I5 10 25 50 55 
DEPTH,mm 
Fic. 5. 
B and y integrated doses at depth for spherical shell (s) 


geometry and volume (v) geometry. 


W ycis et al (1954) computed doses for ??P using both 
a spherical shell geometry and a volume source 
geometry. For the spherical shell, doses were given as 
the total energy absorbed in a shell of 7 mm radius (the 
stated range of the f particle), at the inner surface of the 
cyst wall, and at 1.7mm (the stated half-value 
thickness) in the cyst wall. The cyst volume considered 
was llcm?. For the limited number of results 
presented, their values compare reasonably well with 
our results. Wycis et al assumed that some of the colloid 
was attached to the wall of the cyst and some remained 
in the fluid, an assumption which is supported by 
Balachandran et al (1985) and Bond et al (1965). 
Leksell et al (1967) and Backlund et al (1972), using ??P 
and ??Y, assumed the volume distribution only, and 
computed the dose to the inner surface of the cyst wall 
by the use of the formula: 


Dc = (73.8Xf) (Eg) (X A/V), 
where Do = dose to the inner surface of the cyst (rad), 
73.8 = constant (3.2 x 10? dis/day/ 
uCi x 1.44 x 1.6 x 1078 grad/MeV), 
f — volume-dependent constant representing the frac- 
tion of the dose at the inner surface compared with the 
total dose absorbed, E, = average energy (MeV), 


i 


INTEGRATED DOSE R,, Gy (x IO* rad) 
5 





DEPTH, mm 


FG. 6. 


B and y integrated doses at depth for spherical shell geometry. 
Activity normalised to give 100 Gy (10 krad) at 3.0 mm depth 


Tar = effective half-life (days), and (A/V) = uCi/g. 
These authors also gave the dose outsde the sphere for 
both **P and °°Y using an undescribed methodology. 
The agreement with our results ranges from a slight 
underestimate for ?*?P to an overestimate by a factor of 
4 for ??y. 

Bond et al used !?"Au in their studies and assumed 
the volumetric distribution for their dose estimates. 
They assumed that all the 8 dose would be absorbed in 
the cyst wall and the dose at 1 cm beyond the cyst 
would be entirely due to the y radiation. Their 
computed value for this instance compares poorly with 
our value. In their patient treatments, they used from 
1.11 x 10? to 1.11 x 101? Bg (30-300 mCi) of '?*Au. In 
an effort to explain some of their clinical results which 
showed unexpectedly high radiation effects, they noted 
that some of the !?*Au compound tended to acculumate 
on the lining of the cyst wall. Results of this paper for 


783 


VoL. 59, No. 704 


E. L. McGutre, S. Balachandran and C. M. Boyd 


TABLE II 
COMPARISON OF DOSIMETRY RESULTS OF PRESENT STUDY WITH PREVIOUS STUDIES 


Reference Depth (mm) Nuclide distribution 
ap y 198 AY 
Sa Sy Sy Sy 
Wycis et al (1954) 1.7 2E-4 
(1.6E-4) 
0.6 4.6E-5 
(5.LE-5) 
Leksell et al (1967) 1.0 1 35E-5 4.05E-5 
and (3.2E-5) (9 TES) 
Backlund et al (1972) 3.0 2.7 E-6 1.35E-6 
(3 0E—6) (2.1E-6) 
Bond et al (1965) 10 2.2E-7 
(<5 4E-8) 


Values given are doses m Gy/3.7 x 10* Baq/cm?, (S,) or Gy/3 7 x 10* Bq/cm? (Sy), as appropriate. Present study results given in 


parentheses 


the spherical shell distribution give a dose of 700 Gy 
(70000 rad) at 1 mm and 40 Gy (4000 rad) at 3 mm for 
a 4 cm diameter cyst containing 3.7 x 10? Bq (100 mCi) 
of !?*Au, Our calculations indicate this dose is almost 
entirely due to the f radiation at 1 mm and y radiation 
at depths greater than 2mm (see Fig.4 for the f 
contnbution and Fig 5 for the B +y contribution). 

Kobayashi et al (1981) assumed a volume 
distribution only and used !?*Au and `P. These 
authors give a formula with which dose outside the cyst 
may be computed, but the formula does not contain the 
geometric reduction factor discussed by Berger (1970). 
They also state that in some of their therapy cases, an 
earlier B point kernel (Loevinger et al, 1956) was used 
for the dose calculations. Cyst volumes, activity 
administered, — cyst-wall thickness, and  cyst-wall 
radiation dose are given in their case summary table. 
However, at what depth this dose is computed is 
uncertain, as is the methodology used. Thus, their 
results cannot be directly compared with the results of 
the present work. 

In this paper, we have given figures summarising the 
results of the dose calculations. Figures 3-6 may be 
useful for estimating doses of a particular radionuclide 
needed to produce a chosen radiation dose and the 
expected dosimetry at depth beyond the cyst. 

Since colloids are usually distributed primarily on the 
cyst-wall surface, the spherical shell geometry is the most 
applicable dosimetric method in the usual clinical 
situation (e.g. 1ntracranial cysts). Thus, Fig. 6 may be 
used for most situations to prescribe an activity for a 
known cyst size. 

Other findings of this study include: 


(a)for the spherical shell geometry, the dose-rate was 
found to depend only weakly on sphere size; 


(b)the results suggest that pure fl-emitters only should 
be considered for this treatment. Photon-emitters 
contribute an appreciable dose at the depths 
considered and obviously irradiate adjacent tissue 
(at depths greater than the f particle range) more 
than the f-emitters, and 

(c) the findings suggest, for the nuclides and parameters 
considered, that ??P would be the optimum nuclide 
since, for a given dose and depth, it would deliver a 
greater dose at depths less than the given depth, and 
deliver a smaller dose to surrounding tissue for a 
given total integrated depth dose compared with the 
other nuclides. 


The actual radiation dose needed to cause a desired 
effect is still unknown. Future studies are needed, and 
these results may be used to provide a basis for a more 
rigorous dosimetry 1n treatment of cases of this nature. 
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Environmental Health Criteria 46 Guidelines for the Study of 
Genetic Effects im Human Populations. WHO, pp. 126, 1985 
(WHO, ), Sw.Fr. 12 

ISBN 92-4-150186-5 

The International Programme on Chemical Safety (IPCS) is 
jointly sponsored by the World Health Organization, the 
International Labour Office and the United Nations Environ- 
ment Programme It was founded in response to the realisation 
that there was, and still is, an urgent need to identify 
hazardous environmental chemicals and to assess their effects 
on the health of the human population, these being 
prerequisites to devising effectrve control measures 

As a means of promoting the safe use of chemicals the IPCS 
has published a series of Environmental Health Criteria 
covering compounds such as DDT, styrene, epichlorhydrin, 
and many others This book, the 46th in the series, is different 
from most of its predecessors in that it does not deal with any 
one compound or class of compunds. Instead it suggests 
guidelines for the design and execution of genetic studies on 
human populations exposed, or suspected of being exposed, to 
mutagen agents. The contnbutors are all experts in ther 
fields. 

The book begins with a consideration of methodological and 
epidemiological issues. Thereafter it falls into two main 
sections dealing separately with mutations in somatic cells and 
germinal mutations. Detailed procedures are not included. 
Instead those matters which should be considered when setting 
up a study are discussed in more general terms. Pitfalls to be 
avoided are also pointed out. For the most part only well 
established test systems are included. 

These guidelines would serve as a good starting point for 
anyone new to the assessment of human genetic hazards and 
will provide worthwhile cautions to those already engaged ın 
the subject. 

Rosext DEWDNEY 


SI Units m Radiation Protectton and Measurements. NCRP 
Report No. 82, pp. w+64, 1985 (NCRP, Bethesda, 
Maryland), $10.00. 
ISBN 0—913392-74-X 
In our ever more technological socety it is essential that 
scientists should agree on an international language of 
measurement so that they can communicate without impedi- 
ment not only with each other but also, even more 
importantly, with the intelligent layman. Nowhere is thus more 
important than in radiation protection, which depends 
crucially on the objective, quantitative assessment and control 
of radiation fields. Although there is much public concern 
about radiation hazards, discussion is often bedevilled by 
failure to come to grips with numbers, even with orders of 
magnitude. So worry, confusion and prejudice reign supreme 

The relevant physical concepts have been clearly defined, but 
there is reluctance, only too understandably, to discard the old 
ways and to adopt finally the only system of measurement that 
can possibly command universal acceptance, Le Systéme 
International d’Unités 

This NCRP report commences with a cogent account of the 
SI system, followed by persuasive illustrations of its 
advantages in radiation science, protection, radiation therapy, 
diagnostic radiology and nuclear medicine. Though there are 
in the US, as elsewhere, commercial pressures favouring the 
status quo, “the cost of switching (to the SI) m the near future 
will be less than the cost of switching at any later time". The 
need for regulatory amendments is recognised and govern- 
mental co-operation is regarded as both “essential” and 
"feasible". Accordingly, NCRP recommends an immediate 
start to the adoption of SI units, to be completed by the end of 
1989. 

Various conversion tables are provided. Let us hope that 
they will soon become unnecessary. 

M. J. Day 
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A variety of materials have been introduced over the 
years to simulate lung tissue, with both foamed and 
granulated products being used (Edling, 1944; Alderson 
et al, 1962; Rogers, 1970; Stacey, 1972; McGinley, 
1973; White, 1974; Constantinou, 1978). Unfortunately, 
many available lung substitutes have imprecise or 
variable elemental compositions. In addition, complex 
manufacturing procedures are frequently necessary in 
order to produce the required material. 

In this note a range of foamed lung substitutes based 
on an epoxy resin system are discussed. The substitutes 
have well defined elemental compositions and radiation 
interaction. characteristics for photons and electrons 
that closely match those of the lungs. By careful 
addition of a special foaming agent, the mass density of 
the final material may be at any derived value within 
the quoted mass density range of the inflated/deflated 
lung (260-1050 kg m ^?) (International Commission on 
Radiological Protection (ICRP), 1975). 

It should be noted that the materials presented here 
use the same foaming agent (Dow Corning, DC1107) as 
that described by Constantinou (1978) in his Ph.D. 
Thesis. 


MATERIALS 

The use of epoxy resin systems in the manufacture of 
tissue substitutes was discussed in detail by White et al 
(1977), when 15 substitutes were introduced, including a 
lung material designated LN4. The formulation LN4 
represented the lowest-density material that could be 
produced at that time by loading the epoxy resin 
system, CB2, with the low-density filler, phenolic 
microspheres (PMS). The resulting mass density of 
600 kg m ^? was higher than the lowest reported density 
of the inflated lung. 

In the present study, the foamed materials were 
formulated from the following constituents. 


Epoxy resin system, CB2M 

A modified version of the low viscosity epoxy resin 
system, CB2 (White et al, 1977) was used with the 
reactive diluent Epoxide No. 7, now withdrawn, 
replaced by the chemically similar Epoxide No. 8. The 
modified system, CB2M, comprised 100 parts by mass 


Araldite MY 750, 50 parts by mass Epoxide No. 8, an 
aliphatic monoglycidyl ether containing principally C,, 
and C,, alkyl groups, and 28 parts by mass hardener 
HY 2996 (formally designated XD 555), a mixture of 
2,2,4- and 2,4,4-trimethyl-1,6-diaminohexane. 

Typical formula (percentage by mass): H(9.53); 
C(72.69); N(2.79); O(14.74); CI(0.25). 

Mass density: 1080 kg m ^ ?. 


Phenolic microspheres, PMS ( Type BJO 0930) 

A low-density particulate filler used to reduce the 
density of the epoxy resin-based material making up the 
solid walls of the foam to a value more appropriate to 
lung tissue. 

Typical formula (percentage by mass): 
C(78.23); O(13.89). 

Mass density: ~ 200 kg m ^ *. 


H(7.88); 


Polvethylene 

A powdered filler (mean particle diameter < 50 um) 
used to maintain the required hydrogen content of the 
final material and to alter the viscosity of the resin/filler 
mixture. 

Typical formula (percentage by mass) H(14.37); 
C(85.63). 

Mass density: 920 kg m^ *. 


Magnesium oxide 

A powdered filler (mean particle size < 100 jm) used 
as the primary high atomic number constituent for 
modifying the photon attenuation characteristics of the 
substitute. 

Typical formula (percentage by mass): Mg(60.31); 
O(39.69). | 

Mass density: 3580 kg m ^". 


Foaming agent, DC1107 

This is a polyfunctional cross-linking agent. The 
functional group is hydrosilane (= Si — H) which reacts 
with acids, bases, amines, etc., liberating hydrogen. 
When added to the epoxy resin system, the gas acts as a 
"blowing agent" producing an aerated structure. 
Theoretically, the addition of 0.001 kg of DC1107 
could release up to 3.6x 10^ * m? of hydrogen gas, 
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assuming normal temperature and pressure. 
Approximately 1% by mass of DCI107 produces 
enough hydrogen to "blow" 0.1 kg of resin/filler 
mixture to more than three times its original volume, 
producing a mass density ~ 300 kg m~?. 

Typical formula (percentage by mass): H(6.90); 
C(21.43); O(25.64); S1(46.03). 

Mass density. 1000 kg m ?. 


Surfactant, DC200/50 

A liquid component, polydimethylsiloxane, used to 
alter the surface tension of the resin/filler mixture. This 
results in a more uniform pore &ze when the foaming 
agent, DC1107, is added and the mixture foamed. 

Typical formula (percentage by mass): H(8.33); 
C(33.08); O(20.90); Si(37.69). 

Mass density: 960 kg m". 


Araldite MY 750 and HY 2996 are supplied by Ciba- 
Geigy Plastics; Epoxide No. 8 is a product of Proctor & 
Gamble Ltd; PMS(BJO 0930) is a product of Union 
Carbide Ltd. Fine polyethylene powder (Type HA2578) 
from Atochem Ltd and reagent grade magnesium oxide 
from Hopkin & Williams Ltd, were used in this study. 
The surfactant DC200/50 and the foaming agent 
DC1107 are produced by Dow Corning Ltd. 


THE FORMULATED LUNG SUBSTITUTES 
The lung substitutes were formulated (White, 1977) 
so as to simulate, for photon and electron interactions, 


the composition of lung suggested by ICRP (1975)..the - 


elemental composition (percentage by mass) accepted 
for lung was: H(9.9); C(10.0); N(2.8); O(74.0); Na(0.18); 
Mg(0.007); Al(0.001);  P(0.08)  S(0.22;  C1(0.26); 
K(0.19); Ca(0.01); Fe(0.04); Zn(0.001). 

The mass density range for inflated/deflated lung 
(ICRP, 1975) is 260-1050 kg m. 

A group of five representative lung substitutes is 
given in Table I, which shows the percentage masses of 
the constituents of each substitute and their descriptive 
code. Table II gives the elemental composition of each 
lung substitute and the measured mass density. 

In order to assess the radiation simulation properties 
of the new formulations, photon and electron inter- 
action data have been calculated in the energy interval 
10 kcV-100 MeV and compared with similar data for 
lung Mass attenuation coefficients (u/p) and mass 
energy absorption coefficients (1,,/p) were calculated at 
33 energes by applying the mixture rule to the 
elemental cross-sections of Hubbell (1969) and Storm 
and Israel (1970). Total electron mass stopping powers 
(S/p) were calculated from the data of Berger and 
Seltzer (1964), Kim (1973) and the International 
Commission on Radiation Units and Measurements 
(ICRU, 19848). Mass scattering powers for electrons 
(T/p) were derived from the mathematical expressions 
given by ICRU (1984b). Using the densities given in 
Table H, the maximum and minimum values of the 
ratios: Hpbecena/ Hing» (Hes rabentael MMC 
and Tuus Tiag OVeT the stated energy interval are 
listed in Table IIl. It is clear that the ratios are within 





TABLE I 
THE CONSTITUENTS OF THE NEW LUNG SUBSTITUTES 

Constituents Proportion (percentage by mass) 

LN10/00 LN10/25 LN10/50 LN10/75 LN10/100 

59.65 59.76 59.89 60 00 60.11 
Polyethylene 15.00 15.00 15.00 15.00 15.00 
MgO 19 77 19.46 19.14 18 83 18.52 
PMS 4 58 4.53 4.47 4.42 4.37 
DC200/50 1 00 1.00 ] 00 1.00 1.00 
DC1107 — 0.25 0.50 0.75 1 00 

TABLE II 
THE ELEMENTAL COMPOSITIONS AND MEASURED MASS DENSITIES OF THE NEW LUNG SUBSTITUTES 
Lung substitute Elemental composition (percentage by mass) Measured 
mass density 
C H N Q Mg Sı Cl (kg m^?) 

LN10/00 60.12 8.28 1.66 17.49 11.92 0.38 0.15 1014 
LN10/25 60.21 8.31 1 67 17 43 11 74 0.49 0.15 521 
LN10/50 60 32 8.33 1 67 17 38 Il 54 0 61 0 15 411 
LN10/75 60.41 8.36 1.67 17.33 11.36 072 0.15 308 
LNI0/100 60 50 8.38 168 17.28 11.17 0.84 0.15 288 
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TABLE IH 
THE RELATIVE PHOTON AND ELECTRON INTERACTION CHARACTERISTICS (10 KEV--100 MEV) OF THE NEW LUNG SUBSTITUTES 





Lung substitutes Hsubstitute/ tung 


LN10/00 
LN10/25 
LN10/50 
LNIO/75 
LN10/100 


0.97-1.02 


0.98-1.02 0.98-1.01 


(Hen)substitute/ (Hen )iung S substitute! 5 lung T substi tute/ Trung 





4% of unity for both photons and electrons and in 
many instances within 2% of unity. 


MANUFACTURING PROCEDURE 
Details of manufacturing foamed lung substitutes, 
including the use of foaming agents such as DC1107, 
have been published elsewhere (White & Constantinou, 
1982). Consequently, only the brief outline of the 
procedure is given in this section. 
Essentially, the procedure is as follows: 


(1) Accurately dispense the required masses of 
MY 750, Epoxide No. 8, HY 2996, polyethylene, 
MgO, PMS and DC200/50 (in that order) into a 
suitable plastic container. 

(2) Mix the components well, using an electrically 
operated mechanical stirrer. This process may be 
carried out — without using any evacuation 
techniques. 

(3) Add the required mass of DC1107 and rapidly stir 

to disperse the liquid. Depending upon such factors 

as degree of dispersion and temperature of mixture, 
foaming will commence some I0-I5s after the 
addition of DC1107. 

Pour the mixture into a suitable release-treated 

mould. It is important to ensure that the two- to 

three-fold increase in the volume of the mixture will 
be contained within the mould. The material will 
gently rise in the mould, hardening to a rigid, 
machinable foam in 48 h. During the foaming and 
hardening process, the mixture in the mould should 
not be disturbed or subjected to mechanical shock. 


(4 


"— 


In the interests of safety, (1)-(4) should be performed 
in a fume cupboard, although excessive air flow should 
not be allowed to disturb the formation of the foam. 


DISCUSSION 

The lung substitutes described here give adequate 
simulation of lung for photon and electron interactions 
in the energy interval 10 keV-100 MeV. Consequently, 
the substitutes are suitable for use in both dosimetric 
and image quality studies in diagnostic radiology, 
radiotherapy and radiation protection. 

In the range of substitutes reported, the solid material 
making up the walls of the foam was designed to have a 
nominal mass density of 1000 kg m ? (measured 


1014 kg m ^?). A higher density, perhaps 1050 kg m ^", 
could easily be achieved by decreasing the concentra- 
tion of phenolic microspheres and increasing the CB2M 
concentration by an equal amount. 

Although only five lung substitutes with mass 
densities ranging from 288 kg m^? to 1014 kg m~? are 
presented, any intermediate density may be produced 
by adjusting the DC1107 content. In applications where 
specific, precisely defined densities are required, a series 
of LNIO samples should be made, each with a different 
DC1107 concentration. The correct amount of DC1107 
may then be interpolated from a plot of the mass 
densities of the hardened foamed samples versus 
DC1107 contents. 

Certain grades of particulate filler, such as high 
purity magnesium oxide, have been found to cause the 
foam to collapse after an initial expansion. Similarly, 
concentrations of the foaming agent DCI107 in excess 
of 1% by mass can result in a partial collapse of the 
foam. Using the formulations and grades of fillers 
quoted in the previous section, no such problems 
should be encountered. 

The sum of the elemental masses for lung given by 
ICRP (1975) is 97.7% of the quoted mass of the organ. 
Such a discrepancy will produce uncertainties in the 
calculated radiation interaction data, but the maximum 
errors in the ratios quoted in Table IH from this source 
should be no more than 2%. 

The LNI0O series of substitutes may be used in the 
fabrication of both small (~ 100 cm?) and large 
(~ 27000 cm?) lung phantoms. Pore size is, of course, 
more uniform in the smaller phantoms when large 
volumes of trapped air are more readily ejected from 
the bulk of the material. As the final product has a rigid 
structure, the material may be readily machined into 
blocks or sheets, although whenever possible, moulding 
directly into the desired shape and volume is preferable. 
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Thorotrast, once a popular radiographic contrast 
medium, is associated with an increased incidence of 
angiosarcoma, cholangiocarcinoma and hepatocellular 
carcinoma about 10 to 30 years after administration. 
Use of Thorotrast was discontinued in the 1950s 
primarily because of concern about potential long-term 
radiation effects. 


CASE REPORT 

A 59-year-old female had received prior Thorotrast 
administration for investigation of a right-sided cerebrovas- 
cular accident in 1952. She was admitted in 1984 for evaluation 
of right upper quadrant pain, anorexia, weight loss and 
jaundice. A plain radiograph of the abdomen showed irregular 
opacification of the liver parenchyma, dense opacification in 
the region of the spleen and opacification of the mesenteric 
lymph nodes. 

Computed tomography (Fig. 1) showed a large tumour of 
the liver. A radionuclide liver scan confirmed the large mass in 
the liver, but an ultrasound examination was unhelpful. An 
arteriogram showed that the mass was hypovascular and a 
percutaneous needle biopsy demonstrated tissue consistent 
with squamous-cell carcinoma. The tumour was considered to 
be irresectable and her clinical condition rapidly deteriorated. 
She died 2 weeks after admission. 


Pathological findings 

At autopsy the liver was enlarged, weighing 2600 g. 
Occupying most of the right lobe was a tumour measuring 
I8 cm in greatest dimension. The cut surface of this tumour 
was a creamy-white colour with numerous areas of 
haemorrhage and necrosis, and surrounding this were 
peripheral nodules of tumour which merged into the main 
tumour mass, Tumour had invaded in a contiguous fashion 
into the superior pole of the right kidney but no evidence of 
tumour was found in any other location. The remainder of the 
autopsy findings consisted of a shrunken, hyalinised, calcified 
spleen weighing 17 g and similar dense fibrotic changes in 
abdominal lymph nodes and around the right carotid 
angiogram injection site. An extensive old cystic infarct was 
evident in the right cerebral hemisphere, associated with 
contralateral pyramidal tract atrophy. 

Histology of the liver tumour showed it to consist 
predominantly of sheets and cords of squamous cells with 
occasional intercellular bridges and areas of keratin produc- 
tion (Fig. 2). Vascular invasion was evident, as was consider- 
able sinusoidal dilatation of the liver at the edge of the tumour. 


Correspondence to: Dr A. L. Lambrianides, Department of 


Surgery 





FIG. |. 
Computed tomogram demonstrating a large tumour mass 
within the liver substance. 





FiG. 2. 


Primary mucoepidermoid carcinoma of the liver (haematoxylin 
and eosin, x 125). 


Although no definite gland structures were seen, periodic acid- 
Schiff and mucicarmine stains for mucin were positive in the 
cytoplasm of some tumour cells. The non-neoplastic liver 
showed large accumulations of coarsely granular, brown, 
refractile pigment in portal tracts which represented Thorotrast. 
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Fic. 3. 


Autoradiograph showing alpha-particle tracks radiating out 
from deposits of thorium in the spleen. 


The histology of the spleen, lymph nodes, vertebral bone 
marrow and carotid angiogram injection site showed dense, 
hyalinised fibrosis associated with Thorotrast deposition. 

Transmission electron microscopy performed on the liver 
tumour showed the presence of desmosomes and tonofilaments 
and scanning electron microscopy and energy dispersive X-ray 
analysis of the brown granules confirmed them to consist of 
thorium. Autoradiography performed on the spleen confirmed 
the radioactive nature of the granules (Fig. 3). 

In summary, the histological diagnosis was of a primary 
mucoepidermoid carcinoma of the liver associated with 
previous Thorotrast exposure, with Thorotrast deposition 
evident in the liver, spleen, abdominal lymph nodes, vertebral 
bone marrow and right carotid angiogram injection site. 


DISCUSSION 

Thorotrast is a colloidal solution which contains 20% 
thorium dioxide by weight. Its primary carcinogenic 
potential arises from the alpha particles which account 
for 90% of its radioactivity (Baserga et al, 1960; Da 
Silva Horta et al, 1965; Da Silva Horta, 1967; Janower 
et al, 1972; Gondos 1973). Following intravenous 
injection it is taken up by the reticulo-endothelial 
system, particularly by the liver and spleen, and most of 
it remains there indefinitely. Thorium has à physical 
half-life of 1.39 x 10'° years, while its 10 radioactive 
daughter elements have half-lives ranging from 6.7 
years (778Ra) down to 3x I0 !? s (7'*Po); alpha and 
beta particles and gamma rays are all produced at some 
stage in the disintegration. The tissues in which 
thorium is stored are, therefore, bombarded with 
ionising radiation for the rest of the patient's life. 
Thorotrast was widely used for angiographic 
procedures from 1930. Its use was discontinued in the 
1950s primarily because of severe fibrotic reactions at 
the sites of extravasation and the concern about 
potential long-term radiation effects, Since the first 
report of Thorotrast-induced hepatic angiosarcoma 


appeared in 1947 (Macmahon etal, 1947) several 
epidemiological studies have demonstrated the associa- 
tion of hepatocellular carcinoma, cholangiocarcinoma 
and angiosarcoma with intravascular injections of 
Thorotrast (Faber, 1967; Hiraoka et al, 1981; Kojiro 
et al, 1982). 

A total of 382 malignant hepatic tumours have been 
reported in patients who had received Thorotrast, with 
a mean latent period of 29 years (Scully et al, 1981). 
Thorotrast-induced mucoepidermoid carcinoma of the 
liver has not been reported previously. A careful search 
at autopsy in this case failed to reveal any tumour tissue 
outside the liver and, therefore, a diagnosis of primary 
hepatic carcinoma was thought to be reasonable, 
particularly in view, of the long exposure of the liver to 
ionising radiation. The gross appearance of the tumour 
was a further factor in favour of its being a hepatic 
primary. As a rule, secondary deposits are multiple and 
are distributed throughout the liver: when solitary, they 
are usually small. This was a large tumour, confined to 
part of the right lobe. Multiple sections of the tumour 
demonstrated the presence of Thorotrast deposits 
within the tumour, and the presence of radiation was 
confirmed by autoradiography. 

The association of Thorotrast and mucoepidermoid 
carcinoma of the liver in this patient may be 
coincidental, but the possibility of Thorotrast being the 
causative agent cannot be denied. 
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Case of the month 


The man who hated hospitals 
By D. J. W. Morewood and G. H. R. Lamb 


Department of Radiology, Royal Liverpool Hospital, Liverpool 


( Received October 1985) 


A 40-year-old man who was otherwise well was seen in 
the outpatients department with an intermittent dull 
ache in the right upper quadrant of his abdomen, which 
had been present for 1-2 months. On examination, à 
mass was found at the site of the pain. Sonography 
(using a 3.5 MHz transducer) was performed and a 
transverse sonogram at the site of the mass is shown 
(Fig. 1). Further radiological investigation was 
recommended, but the patient failed to return to 
hospital. Two years later he returned with the same 
symptoms and the abdominal mass was by then larger. 
He was still otherwise well. His haemoglobin was 
14 g/dl, white-cell count 660/mm? and his ESR 27 mm/h. 
Sonography was again performed and a longitudinal 
scan from this examination is shown (Fig. 2). Computed 
tomography (CT) was then carried out (Fig. 3). 


From where is the mass arising and 
what is your differential diagnosis? 





Fic. 2. 
Longitudinal sonogram obtained at the patient's attendance 2 
years later. The transverse scan was little changed. 





Fic. | Fic. 3. 


Initial transverse sonogram over the mass. Computed tomography section through the abdominal mass 
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The typical "bull's eye" or "target" appearance 
produced on the transverse sonogram by an eccentric 
triangular echogenic centre within a surrounding 
irregular echolucent area is a sign of gas within a 
surrounding soft-tissue mass. The site suggests that it 
may be a colonic lesion. The longitudinal scan shows a 
long echogenic centre with surrounding echolucency. 
These appearances are confirmed by the CT section 
(Fig. 3), which shows a large mass surrounding a 
narrow, gas-containing lumen. 

The differential diagnosis at this stage in a patient 
who had been relatively well for 2 years was between 
colonic lymphoma and a benign tumour, such as à 
leiomyoma. A barium enema was performed next and 
showed a stricture in the right side of the colon beyond 
which no barium passed. Some rapid-transit barium 
was given orally and a radiograph made lh later 
(Fig. 4) shows the extent of the constricting soft-tissue 
mass. The next step was to obtain tissue for diagnosis 
and a Trucut biopsy was performed under local 





Fic. 4. 


Radiograph after combined barium enema and oral barium. 


anaesthetic with fluoroscopy. The histology showed a 
diffuse centroblastic, centrocytic lymphoma (a low 
grade non-Hodgkin's lymphoma). The patient was then 
treated with chemotherapy. 


DISCUSSION 

The most common symptom in colonic lymphoma is 
abdominal pain over the site of the tumour, a palpable 
mass occurring in over 60% (Zornoza & Dodd, 1980). 
Lymphoma of the gastrointestinal tract is thought to be 
a B-cell tumour and has a tendency to remain localised 
to the gut wall with subsequent spread to draining 
Iymph nodes (Brady & Asbell, 1980). The caecum is the 
most common site for primary colonic lymphoma 
(O'Connell & Thompson, 1978). 

Any condition producing bowel-wall thickening, such 
as carcinoma, lymphoma, benign intestinal tumour or 
Crohn's disease, may be demonstrated by sonography 
and will cause a "target" or “bull’s eye" lesion 
(Fleischer et al, 1980). However, on CT, lymphoma 
showed the greatest thickening of the bowel wall 
(Megibow et al, 1983). 

Colonic lymphoma produces a spectrum of 
appearances on barium enema related to whether the 
lymphoma originates in the bowel or involves it 
secondarily. This case of primary lymphoma presented 
as a large mass, which is the most characteristic finding 
(O'Connell & Thompson, 1978), and the most effective 
way of making a definite diagnosis is to obtain tissue 
for histology when the mass has been localised. 
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The synergism between hyperthermia and ionising radiation 
By J. A. G. Holt, F.R.C.S., F.R.C.R., F.R.A.C.R. and R. W. Stanford, M.A., C.Phys., 


F.R.A.C.R.(Hon.) 


The Radiotherapy Centre, 24 Salvado Road, Wembley 6014, Western Australia 


(Received December 1985 and in revised form March 1986) 


The experimental survival curve for irradiated cells can be 
represented by 


NINo = d - (E e Pon 


where there are N survivors from an initial population of No 
after dose D, D, is the dose required for one "hit" per target 
and n targets are irradiated (Johns, 1964). When clinically 
derived values of D, and n are used in this equation the 
resulting curve fits experimental results (Andrews, 1968). 
Factors affecting Dy and/or n change the ratio N/N, for a 
given dose D. Hyperbaric oxygen is one such factor (Deschmer 
& Gray, 1959; Gray, 1961) and a rise in the temperature of the 
irradiated cells another (Dewey & Freeman, 1980). The change 
produced by this latter effect is in a favourable direction 
(Westra, 1971). For this change to be clinically valid, 
hyperthermia in conjunction with ionising radiation must 
neither be toxic to normal tissue nor increase the morbidity of 
the X-ray dose on normal tissue. At 41.8'C, the limiting 
temperature for human liver, there is no demonstrable harm to 
normal tissue (Law & Pettigrew, 1980) nor is the radiation 
effect on the normal potentiated (Overgaard & Nielson, 1980; 
van der Zee et al, 1985). 

Electromagnetic non-ionising radiation (EMR) offers an 
easy means of raising the temperature of the cancer and the 
host while delivering X-ray therapy and has been extensively 
investigated in vitro and in vivo (Joines et al, 1980). Moreover, 
the relevant electrical characteristics of the cancer give rise to 
greater absorption of the radiation in the cancer than in 
normal tissue. Thus the cancer is selectively heated and normal 
tissue remains relatively cool. 

Thus, EMR-induced hyperthermia has the potential to 
"shield" normal tissue while maintaining its increased cell kill 
ratio, V/N, per unit of X-ray dose applied. That this ratio for 
EMR is greater than for the identical temperature created by 
non-EMR methods has been demonstrated (Joines, 1977). All 
frequencies of EMR have a beneficial effect. Until. the 
alterations in the values of D, and n that they create can be 
measured, the optimum frequency can only be established by 
clinical trials. These will also demonstrate the optimum doses 
and temporal relationships of X-rays and EMR. 

As with wax bath or simple hyperthermia, the toxic effects 
of EMR alone and in combination with X-ray therapy must be 
tolerable and not potentiate normal tissue sequelae and 
morbidity. The lack of toxic effects of EMR in isolation is 
amply demonstrated by 50 or more years use of 13, 27, 434, 
918, 2500 MHz and other frequencies in physiotherapy 
practice. Many thousand items of EMR-generating equipment 
irradiate millions of people daily, without any reported ill 
effects (Schwan, 1965). When combined with X-ray therapy 
there is no published categoric evidence which indicates that 
X-irradiation sequelae are deleteriously enhanced by the 
additional use of EMR. On the contrary, it has been shown 
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(Perez et al, 1983; Law et al, 1985) that the combined method 
may be used with safety to treat again areas already previously 
treated to accepted full conventional levels (Scott et al, 1984). 

In 1973 and 1974, whole-body simple hyperthermia (41.8°C 
for 6h immersion in a hot wax bath), although creating a 
small increase in radiosensitivity, proved to be cumbersome 
and tedious. It was replaced by EMR-induced heating. In 
March 1974, 12 Erbe UHF 69, 434 MHz 200 W physiotherapy 
heating units replaced the wax bath. This equipment has been 
described and illustrated by Holt (1975, 1980). 

Head and neck cancer was chosen for the pilot study. All 
such patients presenting consecutively to this unit between 
March 1974 and May 1975 were treated using a combination 
of EMR and ionising radiations. Twice weekly (Mondays and 
Wednesdays) the cancer areas were irradiated with EMR by 
positioning the patients so that their cancers were in the 
approximate centre of the machine (Holt, 1980, Fig. 24). Ten 
minutes of EMR treatment, 20 min of rest, 15 min of EMR 
treatment was followed as soon as possible by 200 cGy 
uniformly delivered to the tumour volume by megavoltage 
irradiation. On the three other weekdays, 200 cGy only was 
given. In this series the average dose given was 4600 cGy in 8 
weeks (range 1500-6000 cGy). 


TABLE I 


AN ANALYSIS OF 401 PATIENTS WITH HISTOLOGICALLY PROVEN 

PRIMARY HEAD AND NECK CANCER (92% SQUAMOUS CELL 

CARCINOMA) TREATED BY SEQUENTIAL EMR AND IONISING 

RADIATION (EMR COLUMNS) AND IONISING RADIATION ALONE 
(SVT COLUMNS) 


“eaminuteerovnacveteieoteescaanene rarer areas Ah EERO PER aaa 


1978 report 1985 report 


EMR SVT EMR SVT 
Total patient No. in each group 32 52 79 218 
Average age (years) 7i 69 63 68 


Site of primary (96) 


Larynx 13.5 13.5 28 26 
Pharynx, pyriform fossa 23 32 14 13 
Mouth, tongue, tonsil, palate 48 40 25 36 
Nose, nasopharynx, sinuses, ear 13.5 11.5 19 12 
Salivary glands 2 4 14 12 
Staging 
T, and T, 50 50 3l 57 
N, and N, 40 45 38 49 
Complete primary resolution (%) 94 36 92 34 
Crude 3-year survival (*9) 54 19 68 17 
Crude 8-year survival (%) 40 i NA NA 


sana ersviereem vivian aera POSH OOH HI RUM OOO NOOSE 


NA = not applicable. 
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After 14 months 52 patients had been treated. They were 
compared with 52 similar cancers treated consecutively to the 
same date on a 4 MeV accelerator (SVT). average 6000 cGy, 
range 4800-6600 cGy, and with 52 mmilar cancers treated 
under 303 kPa oxygen tension (IPO) 5-7 fractions, 
3000-3850 cGy consecutively up to May 1975 These three 
groups were followed for 3 years for the first report (Nelson & 
Holt, 1978). The striking improvement m complete primary 
resolunon (4% EMR, 62% HPO, 36% SVT) and 3-year 
crude survival (60% EMR, 23% HPO, 19% SVT) encouraged 
continuation of the combined therapy. A further 79 patients 
were treated until May 1982 for a crude 3-year survival of 
68%, while conventional therapy treated 218 patients for a 
17% crude survival rate (Holt & Nelson, 1985). Brief details 
are given in Table I. 

In conclumon, therefore, the regime which must kill more 
cancer cells per cGy and, thus, must improve the current 
results of X-ray therapy has to be some combination of EMR 
and ionising radiation. 


REFERENCES 

ANDREWS, J. R., 1968. The Radiobiology of Human Cancer 
Radiotherapy (W. B. Saunders Čo., Philadelphia), pp. 
11-15, 48-106. 

DescmugR, E E. & Gray, L. H., 1959. Influence of oxygen 
tension m x-ray induced chromosomal damage m Ehriich 
ascites tumour cells irradiated m vitro and in vivo. Radiation 
Research, it, 115-122. 

Dzwrzv, W C. & Faemaan, M L., 1980. Ratonale for use of 
hyperthermia in cancer therapy. Annals of the New York 
Academy of Sciences, 9, 372—378. 

Gray, L H., 1961. Radtobiologic basis of oxygen as a 
modifying factor m radiation therapy. American Journal of 
Roentgenology, 85, 803—819 

Hott, J. A. G, 1975. The use of VHF rachowaves m cancer 
therapy. Australasian Radiology, 19, 223-241. 

——1980. Alternative therapy for recurrent Hodgkin's 
disease—radictherapy combined with hyperthermia by 
electromagnetic radiation to create complete remission in 11 
patients without morbsdity. British Journal of Radiology, 53, 
1061-1067 

Hor, J A G. & NELSON, A J. M., 1985 Combined 
microwave therapy. Medical Journal of Australia, 13, 
707-708. 


Jouns, H E, 1964 The Physics of Radiology 2nd edit. 
(Charles C. Thomas, Illinois), pp. 660—668. 

Jones, W. T., 1977. Optumizing the heat treatment of tumors 
by microwaves, In Clmical Prospects for Hypoxic Cell 
Sensitisers and Hyperthermia. (University of Wisconmn), pp. 
228—237. 

Jamnes, W. T., Jwet, R L., RArAL, M. D. & Scuazrza, D. J., 
1980. Microwave power absorption differences between 
normal and mahgnant tissue International Journal of 
Radiation Oncology Biology Physics, 6, 681—687. 

Law, H. T. & PgrriGgEW, R. T., 1980. Heat transfer in whole 
body hyperthermia. Ammals of the New York Academy of 
Sciences, 9, 298—308. 

Law, M. P, Aur R. G & Somas, 1985. Thermal 
enhancement of radiation in previously irradiated 
skin Britush Journal of Radiology, 58, 161-167 

NELSON, A. J, M & Hot, J A. G., 1978. Combined 
microwave therapy. Medical Journal of Australia, 2, 88-90. 

OVERGAARD, J. & NELSEN, O S, 1980. The role of tuwue 
environmental factors on the kinetics and morphology of 
tumour cells exposed to hyperthermia. Arnals of the New 
Fork Academy of Sciences, 9, 254—278. 

Perez, C A, Emami, B. N., NusBAUM, G. H., VAN 
QERICHTEN, D., LzvBovicH, L. & Saru, L., 1983 Clinical 
results with irradiation and local microwave hyperthermia in 
cancer therapy. Proceedings of 25th Annual Meeting ASTR. 
International Journal of Radiation Oncology Biology Physics, 
9, Supp. i, pp. 83-84. 

ScHWAN, H. P, 1965. The biophysics of diathermy In 

Heat and Cold. Ed. by S. Licht (New Haven, 
Connecticut), pp 63-123. 

Scott, R. S, Jounson, R. J. R, Story, K. V. & Cray, L, 
1984. Local hyperthermia in combination with definitive 
radiotherapy increased tumour clearance, reduced 
recurrence rate in extended follow-up. International Journal 
of Radiation Oncology Biology Physics, 10, 2119-2123. 

Westra, A., 1971. The influence of radiation on the capacity 
of myitro cultured mammalian cells to proliferate. 
Academic Thesis, translated by B Dewey (Colorado State 
University). 

ZEE, VAN DER, J, VAN RHOON, G C & Wixr-Hoorzy, J L, 
1985. Clinically derived dose effect relationship for hyper- 
thermia given in combination with low dose radiotherapy. 
Brush Journal of Radiology, 58, 243-250. 


1986, The British Journal of Radiology, 59, 797-798 


Correspondence 


AUGUST 1986 


(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


Calibration of rectal dose-rate monitors 


THs Eprror——Sin, 

In common with many radiotherapy departments, it 18 
standard practice at the Glasgow Institute of Radio- 
therapeutics and Oncology to measure the dose-rate to the 
recto-vaginal septum following a gynaecological caesium 
insertion. This checks that the treatment applicators and 
vaginal packing are suitably positioned to reduce the dose 
received by the recto-vaginal septum to clmically tolerable 
levels. 

Experience has been gained of two types of rectal dose-rate 
monitors, namely the Therados DRM-1 and the Vertec V8102. 
Three of each type were purchased for use in the hospitals 
served by the Institute. The purpose of this communication 1s 
to forewarn users of a potential calibration error which will 
arise with the DRM-1 if the calibration source has a different 
radiation quality from the sources used in the treatment 
applicators 

Until 1980, conventional Manchester applicators were used 
and rectal dose-rates of typically 20-80 cGy h^! were 
measured in theatre using the DRM-1 monitor. Since then 
most of the treatments have been carried out using a low dose- 
rate Selectron efterlcading unit In order to preserve the 
radiation protection advantages of this technique the rectal 
dose is assessed using low activity caesium test sources 
positioned manually m the applicators during theatre (Corner 
et al, 1982) The DRM-1 monitors were found to be unsuitable 
for measuring these low dose-rates (2-8 cGy h^!) and were 
superseded by the more sensitive and stable Vertec VS102 
monitor. Whilst commusmoning the latter, inconsistemcies 
between the DRM-1 and VS102 monitor were noted. 
Subsequent investigations showed the maim reason to be a very 
marked difference in the energy response of the detectors to the 
radiation qualities being measured. 


dependence 
The DRM-1 detector is an n-type sibcon Junction diode 
encapsulated near the tip of a brass tube (5 mm od and 3 mm 
id) The data supplied by Therados on its energy dependence 
is reproduced in Table] The VS102 detector is a Lithium 
drifted p-type silicon diode mounted near the tip of a stainless 
steel tube (6 mm o.d ) and the manufacturers claum its relative 


TABLEI 
REPRODUCED FROM THERADOS TECHNICAL SPECIFICATION 
Quality Response 
(rad nC^!) 

kV Filter 

100 1 Al 1.95 

140 4 Al 0.96 

170 0.5 Cu 0 66 

200 0.5 Cu 0.63 

220 Sn 0.55 

Co 0 60 


response 18 unity for energies above 250 keV, rising at energies 
below 250 keV to a maximum of approximately 1 6 ın the 
region of 80 keV 

The response of the detectors was compared m three 
calibration fields of different quahty “Co and !'"Cs y rays 
and an orthovoltage radiotherapy beam (300 kV, 12 mA, 
filtration 2.5 mm Cu, HYL = 2.5 mm Cu). 


Cobalt-60 versus coestum-137 radiation 

The dose-rate monitors were calibrated at the Scottish 
Centre of the National Radiological Protection Board 
(NRPB), on the facility used to calibrate personnel survey 
meters In normal use the rectal probes are fitted with a 
perspex sheath to increase their diameter to 10 mm in order to 
reduce the likelihood of perforatmg the rectal wall Having 
confirmed that these perspex sheaths provided adequate build- 
up for accurate in-air measurements m a °°Co pray field, the 
detectors were placed at fixed distances from calibrated Co 
and !!'Cs radiation sources. The source exposure rates at 1 m 
had been accurately determuned by Amersham International 
plc A perspex sheet was placed between the source and 
detector to eliminate any electron contamination in the field. 
The exposure rates from the sources were such that readings 
could be taken on the same scale range. When the ratios of the 
measured dose-rates from the two sources were compared with 
the expected ratio, the sensitivity of the Vertec was confirmed 
to be uniform with +3% whereas the Therados detectors were 
23% less sensitive to the “Co radiation. 


Orthovoltage versus caestwm-137 radiation 

The dose-rate monitors were calibrated using a Siemens 
Stabilipan orthovoltage unit. The probes were placed at 5 cm 
depth ın a perspex phantom positioned as far as possible from 
the tube focus, the dose-rate was 142 cGy h ^ !. 

Measurements were then taken in the Institute's caesium-137 
calibration pot The dose-rate m this pot had previously been 
determined as 6 6 cGy h^ !, verified by computer calculations 
and by comperairve measurements against the Selectron 
treatment sources The dose-rate monitor readings required 
different settings of the scale range switch and corrections were 
applred for non-linearity between ranges 

The Therados detector was found to be 32% less sensitive to 
orthovoltage radiation m direct contrast to the Vertec detector, 
which was 89% more sensitive 


Discussion 

The results for the energy dependence of the VS102 detector 
show that its relative response is unity for Co and '°’Cs 
radiation, nsing to 1.89 at the orthovoltage beam quality used 
in the above experiment. In the case of the Therados detector, 
if its response to 5?Co y rays is taken as unity, the relative 
responses to '3’Cs and the orthovoltage beam are 1.3 and 
0 88, respectively : 

The Therados user manual suggests that the dose-rate 
monitor can be calibrated by “placmg the probe in a radiation 
field with a well known dose-rate (e.g. in a solid phantom in a 
6Co field). .". However, if the user then assumes that the 
detector response 1s reasonably flat from 220 kV to the energy 
of $9Co y rays, Table I giving response factors varying between 
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0.55 and 0.60 rad nC^!, a mgnificant dommetry error will 
occur unless the treatment sources are to be *?Co. Since our 
results show that the detector's response to ‘9’Cs y rays ius 
about 30% greater than for PCo y rays, measurements taken 
m patients treated with '*’Cs will be overestimated. A similar 
error will occur if orthovoltage radiation ts used. 

The energy response of semiconductor radiation detectors 
can vary from one detector to another of the same type and 
may also be dependent on age, dose, dose-rate and 
temperature, We would recommend that every tune such 
detectors are used they are calibrated in a calibration pot 
containing the same radionuclide as that to be used for 
treatment. This pot should be calibrated against the treatment 
sources. 

The Vertec and Therados probes are temperature sensitive, 
each having a temperature  coeffiaent of typically 
0.05 cGy h^! per °C over the temperature range 22-37°C. The 
perspex sheaths fitted to our probes msulate the detectors and 
reduce tbe rate of temperature nee. This permits measurements 
of rectal dose-rate to be taken with mstruments calibrated at 
room temperature. 

The authors would like to thank the NRPB Scottish Centre 
for the use of its calibration facilities and Mr D Orr for his 
asnstance with the measurements. 
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Assessment of priorities when introducing some 
radiation protection methods in radiodiagnosis 


Tre Eprroa-Sm, 
I write to endorse wholeheartedly the points regarding the 
benefits of rare-carth maging systems made by Russell (1986) 
Obviously one of the ways of reducing radiation dose to the 
petent is to reduce the amount of X-ray energy required to 
produce a diagnostic fllm. The use of a high speed rare-earth 
system not only enables low patient dose to be achieved, but m 
many cases improves image quality. 

It was found very early on in the development of rare-earth 
phosphor materials that their high X-ray absorption and 
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conversion efficiencies could enable large exposure reductions 
to be achieved and still produce the same light output as that 
of a cakaum tungstate system. This increased efficiency meant 
significant real cost savings could be achieved and, more 
importantly, measured, as indicated below. 

As lower doses are required and m particular lower mAs 
settings, the reduction has the effect of considerably extending 
the life of the X-ray tube (as life 1s proportional to thermal 
load) Capital costs can be reduced on the purchase of new 
equipment as lower-powered generators can be purchased. 
Likewise, the level of electrical energy used in equipment 15 a 
determining factor in the incidence of breakdowns and 
electrical faults, thus the use of lower input/output energies can 
offer savings in maintenance and energy costs. 

However, system speed in terms of single exposure reduction 
should not be the only conmderation. The use of a low mA will 
effectively reduce the “bloommg” of tbe X-ray tube filament, 
thereby reducing the effectrve focal-spot sire. Likewise, a 
reduction in current load will allow a greater access to the fine 
focus and in turn reduce the effect of geometric unsharpness on 
the final radiograph. Since short exposure times can be used, 
the chance of movement unsharpness is reduced thereby 
reducing the need to repeat radiographs 

The increased resolution capabihties of rare-earth phosphors 
may m turn allow a greater level of imtial diagnosis without 
the need to request further views, thus reducing further the 
radiation dose to the patient. 

Many recent advances have been made in commercially 
available rare-earth systems. Lately, there bas been a great deal 
of activity in opüminng the sensitivity of orthochromatc 
(green) sensitive film. Modified film grain has been used to 
increase resolution and the development of anti-crossover 
coating techniques has extended the resolution capabihties of 
current film. Similarly, screen optimisation, 1.¢. better output 
of light at & specific wavelength, has been developed in the area 
of green-emitting systems to provide maximum screen 
efficiency 


In conclusion, it 1s evident that the age of rare-earth imaging 
15 upon us. The time is right to take a look at the imaging 
techniques employed in radiology departments and to match 
them against the exposure levels required to produce those 
mmages. 
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ADVANCES IN TECHNOLOGY AND THEIR IMPACT ON 
MEDICINE 


A. R. Margulis and W. J. Shea Jr 


Department of Radiology, University of California, San 
Franciso, California, USA 


The tremendous advances in imaging technology are occurring 
at a time when expenses for health are exceeding the 
willingness of governments to permit further increases. In the 
US the 1984 expenditures of 387.4 billion dollars represented 
close to 11% of the gross national product, while in 1965 it 
amounted to only 6.1% of the GNP. Regulating the 
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Managing Radiology 


Chairman: Dr J. Roylance 
Introduction: Dr J. Roylance 


Performance indicators in radiology, by Dr P. Bourdillon 


availability of the new imaging modalities was a failure in the 
US as CT particularly proved to be cost effective. Ultrasound. 
CT and especially interventional radiology have shown to be 
not only cost effective but have been beneficial to patients 
because of reduction in invasiveness. Magnetic resonance 
imaging promises further dramatic advances in the same 
direction. 

The development of algorithms for the proper sequential use 
of the various imaging modalities is imperative but needs to be 
governed entirely by local and temporal considerations, The 
largest health expenditures are technology related but are 
based on ethical considerations: how many technological 
advances should be used to prolong life for the critically ill, the 
newborn or the elderly? 


Maximising cost effectiveness in diagnostic departments, by Dr P. Davies 
Maximising cost effectiveness of cancer treatment, by Dr F. E. Neal 


Quality improvement techniques, by Mrs J. Harvey 
Planning for changing needs, by Dr R. J. Maxwell 


PERFORMANCE INDICATORS IN RADIOLOGY 
P. J. Bourdillon 
DHSS, London 


A revised package of performance indicators was issued to the 
NHS in [985 to help clinicians and others responsible for 
managing resources to assess aspects of performance which 
need further investigation and action. There are currently three 
performance indicators covering radiology aimed at providing 
an assessment of cost and manpower efficiency. The indicators 
are based on radiographic work units (RWUSs). They show 
respectively revenue expenditure, consultant radiologist whole- 
time equivalents (WTEs) and radiographer WTEs in relation 
to RWUs. With the introduction of Korner it is proposed that 
the RWUs be phased out. The Korner Working Group divided 
radiological procedures into six categories. Potentially this 
could generate an unwieldy 18 (6 x 3) performance indicators 
in radiology. Thus. for the purposes of departmental analvsis 
and the development of more robust performance indicators in 
radiology, it is felt important to develop a quantitative 
relationship between the six categories to provide acceptable 


weightings. — — 
Some financial information about radiology departments is 
now available from Corbett. Hospital, Guy's. Hospital, 


Coventry and Warwickshire Hospital and Walsgrave Hospital. 
It has been shown that the sum of the costs of the consumables 
and the salaries at Guy's Hospital for a particular procedure 
can be used as a representative index for the revenue costs of 
that investigation at each of the other three hospitals. Data is 
available for this sum on 105 of the 131 radiological 
procedures listed in the Korner Schedule. On the basis of this 
index, six radiological procedures, including CT, have been 
identified as probably being inappropriately classified in the 
Korner Schedule. Reallocation of these six procedures suggests 


the following quantitative relationship between Korner 


Groups A-F: 1: 2.5; @ 12: 30; 60. 


MAXIMISING COST EFFECTIVENESS IN DIAGNOSTIC 
DEPARTMENTS 


P. Davies 
City Hospital, Nottingham 


Patients are referred for help in solving clinical problems. The 
first task is to eliminate those examinations that do not 
contribute to patient care. New techniques should only be 
introduced if they are diagnostically better than old ones. They 
should not be introduced if neither affordable nor effective. 
There are figures for comparison of the effectiveness of the 


departments and the relationship of numbers of rooms to 
staffing levels under standard average conditions of work. 
Performance indicators can be readily calculated, but the 
comparison of statistics is difficult because of workload mix. 
This is compensated for by using work units. The number of 
patient attendances and examinations needs to be known, as 
well as the standard units. 

More than 80% of the budget of an X-ray department is 
committed because of its capacity. The remainder does not 
allow much scope for short-term savings. Efficiency can only 
be achieved by long-term strategies but can be quickly lost by 
ill-considered expenditure. An effective strategy for cost- 
effectiveness is: 

to report all films as soon as possible: 

to take decisions on the minimum number of examinations: 

to eliminate unnecessary examinations by discussion with 

clinicians: and 

to avoid pushing up costs by using unnecessarily expensive 

items. 
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MAXIMISING COST EFFECTIVENESS OF CANCER TREATMENT 
F E. Neal 
Weston Park Hospital, Sheffield 


It 1s accepted that effective management for cancer patients is 
expensive, partly due to the high capital cost of radiation 
therapy equipment and cytotoxic drugs, but also because of 
considerable revenue consequences that are involved The 
provision of optimal clinical care is the most important 
consideration which must be carefully preserved and not 
eroded by the desire to save money, but the t variation in 
clinical practice from centre to centre complicates the issues 
and there are probably many different shar at to achieving 
cost effectiveness. At national, regio and unit level, the 
provision of optimum care is dependent on the effects of 
poule con aze And be cr IUE E e E BO 
patient referral pattern in any given area. Althou HSS 
guidelines have been provided for the type and sze of 
radiation equipment required per head of population, there are 
many other of the problem which have to be 
considered Some of these are 

1) geographical distnbuton of cancer treatment centres, 

uA provision of modern and effective radiation therapy 
equipment and the introduction of realistic equipment 

lacement pro a 
is control ol cyctotic drug therapy and the 
introduction of safe working practices, 
methods of providing optimum radiographer staffing 


levels, 
(v) possibili of using shift system to extend the 
ohna] da : 


vi) geographical problems, 
patient flow pattern through departments, 
rt facilities, 


IX) inpatient accommodation—hostel accommodation; 
X) supporting services; 

availability of diagnostic aids, 

management of patients receiving cytotoxic therapy, 
xu) after care services 


Angiography Update 
Chairman: Dr W. D. Jeans 


Recent developments in angiography, by Dr D J. Allison 


Several of these aspects are critically examined to ascertain 
whether varying current practices could produce better care 
with reduction of revenue costs. 


QUALITY IMPROVEMENT TECHNIQUES 


M. J. Harvey 
Middlesex Hospital, London 


Quality assurance in diagnostic radiology has concentrated on 
the production of a quality image and in particular on the 
performance of the equi t used to produce the image. 
Other aspects of “quality” such as effectiveness, timeliness and 
customer satisfaction are rarely considered Quality improve- 
ment techniques are used regularly in ind as a systematic 
method of assessing performance and identifying methods of 
unprovement. Such techniques have had limited applications in 
the Health Service. 

The supenntendent radiographers from five London 
hospitals have formed a group with the aim of establishin 
project teams within each depariment These teams 
identify areas for improvement and, using techniques such as 
brain storming and cause and effect analysis, establish and 
implement remedies The success of these projects will depend 
on the commitment of those involved, not only the project 
teams but also thoee people who have the authonty to sec that 
remedies are implemented This us of importance 
when the remedies cross tal boundaries. Each of the 
five superintendents will be seeking "sponsorship" within their 
own hospital to ensure this support. It 1s hoped to have the 
teams in each hospital active the beginning of February 
1986 Their progress to date and future intentions are 
presented 


PLANNING FOR CHANGING NEEDS 
R. J. Maxwell 
King Edward's Hospital fon. London 


Percutaneous laser thermal angioplasty in complete arterial occlusions, by Dr D. C. Cumberland, Dr D. I Tayler, Mr C L 


Welsh and Dr D J Moore 


Renal angioplasty—a review of 40 cases, by Dr C Evans and Dr M. Ruttley 
Direct puncture embolisation with spring emboli, by Dr A P Hemingway and Dr D. J. Allison 


Venous vs arterial DSA, by Professor H.-J. Maurer 


A clinical study of intra-arterial subtraction angiography in severe peripheral vascular disease, by Dr D. McInerney, Dr K. 


Maher, Dr D Bouchier-Hayes and Dr A. Walsh 


The reproducibility of quantifying the degree of stenosis using digital fluorography, by Dr P. C. Jackson, Mr H Key, Dr E. 


Thomas, Dr W D Jeans and Profeasor E. Rhys Davies 


Comparative testing of Gruntzig balloon diameters and bursting pressures, by Dr J. H. L Henson, Dr W. D. Jeans, F.J. 


Newham, C Paice and A. Blakeborough 


RECENT DEVELOPMENTS IN ANGIOGRAPHY 
D. J Alhson 
Department of Diagnostic Radiology, Hammersmith. Hospital, 
London 
Advances in non-invasive ging technolo such as 


ultrasound, CT, MRI and radion e scanning have resulted 
in the reduced application and in some cases the virtual 


disappearance of certain angiographic procedures There are, 
however, five developments operating in the opposite direction 
and which seem certain to ensure that angiography will remain 
an mportant subspecialty for the foreseeable future 
(1) New contrast media. The new low osmolality media 
have made Roera phy safer and more comfortable for 
the patient, and developmental work continues to 
produce improvements in this area. 
(u) Digital subtraction techniques Digital vascular imaging 
has had an enormous impact on angiographic practice 
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It enables us both to increase the range of posmble 
examinations available to a patient and to perform 
those we elect to do more efficiently and safely. 

(ur) Technical advances. Advances in the technology of 
catheters, wires, and other instruments continue to 
make angiography safer and easter to perform The 
stimulus to many of these new ts has arisen 
from the requirements of the interventional radiologist 

(tv) Interventional radiology Interventional vascular proce- 
dures grow steadily in their application and scope, and 
new techniques in this area are bemg constantly 
generated as a result of the close lauon that has been 
created between interventional radiologists and equip- 
ment manufacturers. 

(v) Angiography. One of the most recent developments in 
the feld of vascular radiology has been the introduction 
of angioscopy Though still in an experimental stage, it 
offers. exciting iltes for future diagnosis and 
therapy, partcddy in view of concurrent advances in 
medica] laser technology. 


PERCUTANEOUS LASER THERMAL ANGIOPLASTY IN 
COMPLETE ARTERIAL OCCLUSIONS 


D. C. Cumberland, D I Tayler, C. L. Welsh and 
D. J. Moore 


Northern General Hospital, Sheffield 


A major limitation of percutaneous angioplasty 1s the difficulty 
of crossing complete occlusions. Laser energy can vaporue 
thrombus and a ma, but its potential not be realised 
until an intra-luminal channel can be produced while reliably 
avoiding vessel-wall perforation We have used a metal-tipped 
laser fibre (laser probe) with up to 10 W argon laser power for 
5—60 s to traverse 28 complete occlusions of 1-35 cm length 
(mean 8 cm) Nineteen were initially probed at their proximal 
limits by a guxde wire, to classify them as potentially "easy" or 
“difficult” to cross by conventional means Nine occlusions 
were “impossible” either because previous sa ee gr 
attempts had failed or because of anatomical unsuitability for 
conventional techniques The probe successfully traversed all 
nine "easy", nine of 10 “d t" and six of nine "impossible" 
occlusions. In all successfully traversed lesions an adequate 
initial channel (mean lumen diameter (MLD) 1 15 mm+0.4 
SD)) was produced for subsequent balloon dilatation (MLD 

81 mm +0 91). In one case mechanical wall entry with 
extravasation occurred (before laser energy was used), 
probably due to a false passage produced by a pnor gu 
wire; there were no sequelae 

Thus, the laser probe facilitates percutaneous recanalisation 
and can cross some occlusions mnpossible by conventional 
techniques This has potential for increasing the role of 
Mie nd in arterial disease. 


RENAL ANGIOPLASTY: A REVIEW OF 40 CASES 
C. Evans and M. Ruttley 


Department of Radiology, University Hospital of Wales and 
Car Sonar 


Royal fi 


Renal angioplasty has been attempted in 40 patients with 
hypertension No attempt was made in this study to assess the 
significance of the stenoses by peripheral or renal vein renins 
prior to angioplasty. The patients were divisible into those with 
unilateral fibromuscular opolan (FMD) (mne), bilateral 
FMD (one), unilateral a ma (10), bilateral atheroma 
(15), and transplant artery stenosis (five) The best 
therapeutic response was in patients with unilateral FMD. 
Seven out of nine were normotensive between 6 months and 3 
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years after the procedure In atheromatous stenoms, about 
two-thirds showed significant improvement in blood pressure 
control or renal function, but few were cured. In only one 
transplant kidney was it possible to dilate the stenosis 
successfully This patient had a good blood pressure response 
It proved mposnble to perform the procedure in mne patients 
(including four t lant kidneys) either because of failure to 
cross the stenosis with catheter or wire, or failure to dilate the 
lesion There were three major complications, all arterial 
occlusion One su uently underwent successful surgery 
These results are less favourable than some other published 
data, though there 1s no comparable Bnitish senes 


DIRECT PUNCTURE EMBOLISATION WITH SPRING EMBOLI 
A P. Hemingway and D. J. Allison 
Department of Diagnostic Radiology, Hammersmith Hospital, 
London 


Vascular embolisation using occluding spring emboli inserted 
via a catheter is a well established interventional technique. 
There are a number of situations, however, in which it may be 
demrable to embolise a vessel which cannot be selectively 
catheterised because of its anatomical location, or because a 
major access route has been closed by previous surgery or 
roximal embolsation In these circumstances it may be 
easible to puncture the target vessel by a direct percutaneous 
needle approach using guidance by digital subtraction 
angiography, ultraso or CT, and then insert an occludi 
ens embolus into the vessel through the needle shaft 

irect puncture embolisation kit for ger p: has been used 
successfully ın several patients and is now available 
commercially from William Cook Europe. The set consists of a 
direct puncture embolisation needle from which the central 
stylet can be removed followin taneous introduction of 
the needle and replaced by a delivery stylet which carries an 
occluding embolus on a fine inner When the trp of the 
delivery stylet ıs ın a satisfactory location, withdrawal of the 
inner mandri re the sp embolus which adopts its 
coiled co tion at the desired mte of vascular occlusion. A 
combined liver biopsy and embolisation kit is currently under 
tnal which permits a bio to be obtained through a 
percutancous sheath and the biopsy tract to be embolised with 
a spring embolus through the same sheath using the direct 
needle technique 


VENOUS VERSUS ARTERIAL DIGITAL SUBTRACTION 
ANGIOGRAPHY 


H.-J. Maurer 


Department of Radiology, St Josef Hospital— Academic 
Teaching Hospital, Ruprecht-Karls University, Heidelberg, 
FRG 


D of angiography seemed to be solved by the 
introduction of venous DSA. However, despite the high 
contrast-medium level as well as the high number of contrast 
steps the results of venous DSA have not been convincing, 
particularly in abdominal and renal angio hy According to 
our ical experience we apply the following techniques 
(1) Peripheral angiography. after conventional angiography, 
regions of interest are investigated by arteria] DSA In case of 
a suspected Leriche syndrome or obstruction of both iliac 
| B d quu ia seat Rice Othe 
angiography. due to a similar spa resoiution o 
vessels we prefer arterial DSA (3) Neck vessel angiography: 
despite the relatively good results obtained by venous DSA, 
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shea is preferred because small artenoeclerotic lesions 


better using the latter technique. 
The risk from these invasrve techniques, from the non- 
ioni contrast media used, 1s very 


A CLINICAL STUDY OF INTRA-ARTERIAL SUBTRACTION 
ANGIOGRAPHY IN SEVERE PERIPHERAL VASCULAR DISEASE 


D. McInerney, K. Maher, D. Bouchier-Hayes and 
A. Walsh 


Department of Radiology, Meath/ Adelaide Hospitals and 
Department of Surgery, St Laurence’s Hospital, Dublin 


From a senes of 530 patients attendin n clinic for 
penpheral vascular (PVD), d conventional 
for intra- 


car pad Eaghiy-nine patients Fs 
arterial subtraction viper ine as conventional studies did 
not provide adequate information for clinical management 
This was mainly due to multiple vessel blockages and 
diminished, slow flow rates The examination was done as an 
out-patient ure and there were no complications 
St enabled a chnical decision to be made in all cases. 
There was Excellent correlation with operatrve findings in the 
65 patients who underwent surgery Intra-arterial subtraction 
angiography has a useful role in studying selective patients 
with severe PVD. 


THE REPRODUCIBILITY OF QUANTIFYING THE DBGREE OF 
STENOSIS USING DIGITAL FLUOROGRAPHY 


P C. Jackson, H. Key, *E. Thomas, *W. D. Jeans and 
*E. Rhys Davies 


Departments of Medical Physics and * 
and Weston Health Authority 


The use of digital fluorography and the su 

process gives an opportunity to quantify the 
in many arterial investigations, In ; technique 1s 
providing a valuable and near real-time method for assessing 
interventional techniques Since the subtraction process can be 
accomplished by several methods and by different personnel, 
an assessment been performed of the inter- and intra- 


osis, Bristol 


uent subtraction 
of stenoms 


observer gaol of M ag fying the degree of stenosis 
using matched temporal ei integrated mask-mode 
subtrachon. The problems of obtaining reproducible results 
are discussed 


COMPARATIVE TESTING OF GRUNTZIG BALLOON 
DIAMETERS AND BURSTING PRESSURES 


J. H. L. Henson, W. D. Jeans, F J. Newham, C. Paice 
and A. Blakeborough 


Departments of Radiodiagnosis and Civil Engineering, 
University of Bristol 


Balloon catheters pee Aris: manufacturers were tested 


in tbe Department o A esie bated d 
Bnstol. An heat at pod vi tag to allow a balloon to be 
viewed in three planes simultaneously. The balloons were 
mounted in a water bath with a thermostatically controlled 
temperature of 37°C and were inflated to a known pressure 
using a 20 m] synnge and a calibrated diaphragm pressure 
transducer Measurements of the diameters were made 
from photographs taken during the tests, and adjusted for 
ingeniication actors Twelve catheters were examined using 
an identical series of tests designed to assess the maximum 
diameter reached, the relation of diameter to distension 
pressure and multiple inflations and deflations, and the 
pressure at which the balloon burst It was found that there 
was a difference in performance of the products of three 
manufacturers as shown 


Manufacturer % Variation in Bursting 
maximum comae E 
compared maximum 
with stated 
diameter pressure 

A 96-234 63— 75 

B 93-107 139-157 

C 107-142 100—175 


Multiple inflations and deflations made no difference to 
maximum ze or to bursting pressure. 
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Obstetrics and Gynaecology 


Chairman: Dr H. Nunnerley 


Asscssment of placenta praevis by MRI, by Dr M. C. Powell, Dr J. H. Buckley, Professor B S. Worthington, H. M. Price and 


Professor E. M. Symonds 
The prognostic 
R. D Pocock, Dr P. J. Berry and Dr J. D. Frank 


significance of antenatally diagnosed urological abnormalities, by Dr H. S. Andrews, Dr J. B. Witcombe, Mr 


The low-intensity band on spin-echo mages of the uterus—a morphological and chnical study, by Professor B. S Worthington, 
Mr M C. Powell, Dr C. Womack, Dr J H. Buckley and Professor E. M Symonds 
The role of MRI in the assessment of carcinoma of the cervix: Mr M. C. Powell, Dr J. H. Buckley, Professor B. S. Worthmgton, 


M. L. Waste and Professor E. M Symonds 


Practical MRI in carcinoma of the cervix, by Dr J. D. Spencer, Dr A. W. L. Leung, Dr A. K Dixon and Dr L D Hill 
The role of MRI in the assessment of gestational trophoblastic neoplasia, by Professor B. S. Worthington, Mr M. C. Powell, Dr 


J. FL Buckley and Professor E. M. Symonds 


ASSESSMENT OF PLACENTA PRAEVIA BY MAGNETIC 
RESONANCE IMAGING 


M. C. Powell, J H. Buckley, B. S. Worthington, 
H. M. Price, E. M. Symonds 


Department of Human Morphology, University of Nottingham 


The role of MRI in obstetrics is currently under investigation. 
Maternal anatomy is well demonstrated, excellent soft-tissue 
contrast being a major advantage of the technique. Using spin 
echo sequences with long repetition times (TR) and medium or 
long echo delay times , T,-weighted mages are obtained. 
The resulting images show the placenta to have a high signal, 
e M The cervix, with the 
same sequence, r1 appearance, 
permitting ready identification of the internal os. Localisation 
of the placental site and tbe relationship of the placental lower 
ee tenda e ips y. 
t 15 generally accepted that ultrasound examination of the 
reti low lying placenta is difficult. A comparative study of 
women with an ultrasound diagnosis of placenta praevia 
was underiaken. The MRI findings indicated that in seven 
dc ua ME 
piace The alteration 1n management consequent 
on oS MRI findings led to a reduction in hospitalisation and, 
m one case, an alteration in management with regard to 
Caesarean section. Ma resonance imaging will, therefore, 
be a useful adjunct to ultrasound in the imaging of the difficult 
placenta praevia 


THE PROGNOSTIC SIGNIFICANCE OF ANTENATALLY 
DIAGNOSED UROLOGICAL ABNORMALITIES 


H S. Andrews, *J. B. Witcombe, TR. D Pocock, 
TP. J. Berry and tJ. D. Frank 


Department of Radiodiagnosis, Bristol Maternity Hospital, 


* Department of Radiodiagnosis, Gloucester Royal Hospital and 
P] AREMA of Paediatric U and poe Royal 
, Brist 


The detection of fetal abnormality by ultrasound is now 
routine Urological abnormalities are second only in frequency 
to those of the central nervous system 

Twenty-eight cases of urological abnormality were diag- 
nosed antenatally in a 2-year period. These abnormalities were 
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detected by the routine use of antenatal screening in two main 
centres Seven of the 28 Ves were terminated pnor to 
26-weeks’ gestation as & t of the ultrasound findings: lethal 
urological abnormalitses were found in each case Of the 
remaining 21, four died of renal failure post-natally Fifteen of 
the 17 babies who are alive and well had an ultrasound scan 
prior to 24-weeks’ gestation. Only one of these revealed the 
abnormality. In the remaining patients the abnormality was 
first detected after 28 weeks 

From this study two distinct groups emerge first, a bilateral 
abnormality diagnosed pnor to 24 weeks, and almost certain 
to be lethal; second, an abnormality, which has a good 
prognosis, detected in the third trimester where there has 
a normal early scan This knowledge obviates the need for 
interventional procedures such as antenatal surgery in late 


pregnancy. 


THE LOW-INTENSITY BAND ON SPIN-ECHO IMAGES OF THE 
UTERUS: A MORPHOLOGICAL AND CLINICAL STUDY 


B S. Worthington, M. Powell, C Womack, J Buckley 
and E. M. Symonds 


Department of Ácadermc Radiology, Queen's Medical Centre, 
Nottingham 


When the uterus 1s ima 


using spin-echo sequences with a 
edid Y UR TE Ce (eg 


2000 ms. TE 80 ms), three distinct 
tified A central high intensity area 
Baer to the endometnum is separated by a low 
intensity band from the main body of the myometrium which 
has an intermediate intensity This low intensity band is of 
variable thickness in normal subjects and can represent up to 
half of the width of the myometnum It always abuts on the 
high signal zone of the endometnum and can be seen to extend 
down into the cervix. It has been suggested that this band 
could represent the stratum basale of the endometrium but we 
present evidence that it conforms to a ODRE layer of 
muscle just beneath the endometnum. In 15 patients with 
proven endometnal adenocarcinoma, an excellent correlation 
was found between the depth of myometnal invasion as 
assessed by MRI when it was compared with measurement at 
histology In this regard. thinnmg or breach of the low 
intensity band is a useful sign in defining whether tumour 
invasion of the myometrium has occurred 
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THE ROLE OF MAGNETIC RESONANCE IMAGING IN THE 
ASSESSMENT OF CARCINOMA OF THE CERVIX 


M. C Powell, J. H. Buckley, B. S. Worthington, M. L. 
Wastie and E. M. Symonds 


Department of Human Morphology, University of Nottmgham 


Carcinoma of the cervix is the second commonest 
gynaecological mali The incidence is increasing. The 
mean age of patients with this disease is lower than that of 
patients with the other i t neoplasms of the female 

tal tract. In carly disease distortion of pedro is weil 
danae by MRI, paruculariy ın the sagittal plane. 
Additionally, the malignant change results in alteration of 
signal due to an increase in the T, relaxation time This sgnal 
abnormality best seen on T ain apes spun echo and on 
short-Tl invermon reco s ) sequences. In more 
advanced and recurrent the inversion recovery 
sequence with a long invermon time (TI) provided ly 
p contrast between fat and invasive tumour. patents 

CT scans performed and the results were compared with 
the MRI findings We have found MRI to be the more 
sensitive of asecasing Stage ] and 2 disease in 
com with CT In advanced disease the results of MRI 
and CT were comparable. 


PRACTICAL MAGNETIC RESONANCE IMAGING IN 
CARCINOMA OF THE CERVIX 


J D Spencer, A. W. L. Leung, *A. K. Dixon and 
1I. D. Hill 


Scanner Centre, Mount Vernon Hospital, Northwood, 
Middlesex, * Department of Radiology, University a, 
Cambridge and t Division of Computing and Statistics, Clmical 
Research Centre, Harrow, Middlesex 


The 0.5 T superconducting MR system installed at Mount 
Vernon Hospital is a standard system supplied with a range of 
Imaging sequences Of these sequences, only eight (five spin- 
echo and three werte staat Us contiguous multi- 
slice images suitable for tbe rou pelvic imaging of a large 
number of patients However, cach of these eight sequences 
can be varied by increasing the repeat time from 2.0 to 5.0 s 
and mcreasing the number of averages from | to 16. With a 
256 matrix, imaging tunes can therefore vary from 8 min to 
Sh. This project was undertaken to establish optimum 
imaging factors for pele MR within the practical constraint 


of a | h total study time, bearing in mind that more than one 
imaging sequence may be for each patient. 

A series of multislice images of a number of patients with 
newly diagnosed or recurrent carcinoma were obtained 
with dade acquisition times for each of the five spin-echo 
sequences and three inversion-recovery sequences. The image 
so obtained were assessed tly by three radiol 
observers and scored for contrast, resolution and noise 
results were analysed une a technique previously described 
(Spencer & Hill 1979) the mean scores for each image 
recorded. The results are presented for each type of imaging 
sequence with different repeat times and number of averages. 


REFERENCE 
SPENCER, J. D. & Hni, I. D, 1979 Imaging factors for 
oopa of the extremibes British Journal of 
Radiology, 5 21-55 


THE ROLE OF MAGNETIC RESONANCE IMAGING IN THE 
ASSESSMENT OF GESTATIONAL TROPHOBLASTIC NBOPLASIA 


B.S Worthington, M. Powell, J. Buckley and E. M. 
Symonds 


Department of Academic Radiology, Queen's Medical Centre, 
Nottingham 


Molar pregnancy is rare; the hydatidiform variant has an 
approximate incidence of | in 300 pregnancies in the UK. It is 
important that the uterus be fully evacuated because of the 
posmbility that any tissue left behind might give mse to a 
chorioncarcinoma by malignant transformation While the 
diagnosis of molar pregnancy 1s readily made on ultrasound, 
the plane of demarcation between the mole and the uterine 
wall is not well shown In three complete and two puo 
molar gnanciez, T,-weighted spin-echo images showed 
clearly the vencular character of the patholo tissue and its 
high s allowed it to be clearly ted from the uterine 
wall In addition, areas of haemo were identified as 
regions of high signal on T,-weighted inversion-recovery 
images. The clear separation between molar tissue and utenne 

is of great mgnificance because it indicates that 
macroscopic invasion of the myometrium will be recognisable, 
and the high mgnal from molar tissue on spin-echo sequences 
could be used to confirm recurrence of a mok if HCG utres 
rose after evacuation Magnetic resonance imaging has also 
been shown to be useful in assessing the bulk and pelvic spread 
of recurrent uterine chononcarcinoma 
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Miscellaneous Radiodiagnosis 


Chairman: Dr P. Wilde 


The advantages of CT over conventional radiology m monitoring the treatment response of lytic bony metastases, by Dr E. A. 
Bellamy, Dr D. Nicholas, M Ward, R. C. Coombes, T. J. Powles and Dr J. E. Husband 


Rhabdomyosarcoma of childhood, by Dr S. Th 


The application of real-time ultrasound in intensive care, by Dr J. E. Boultbee, Dr C. Marshall and Dr W. Kox 
The value of oesophageal tranmt tests in the investigation of patients with chest pain, by Dr K. S. Channer, Dr P. C Jackson and 


Dr J. P Virjee 


Hn labelled leucocyte imaging—a review of 150 studies, by Dr M. Yamoto, Dr W, N Tauxe, Dr L. Gumerman and Dr H 


Klein 


Potential non-cardiac applications of cane CT, by Dr M. R. Rees, Dr S Flicker; Dr W. J Eldredge, Dr R. M MacMillan and Dr 


D L Clark 


THE ADVANTAGES OF COMPUTED TOMOGRAPHY OVER 
CONVENTIONAL RADIOLOGY IN MONITORING THE TREAT- 
MENT RESPONSE OF LYTIC BONY METASTASES 


E. A. Bellamy, D Nicholas, M. Ward, R. C. 
Coombes, T. J. Powles and J. E. Husband 


Royal Marsden Hospital and Institute of Cancer Research, 
Sutton, Surrey 


Full skeletal survey, localised radiographs and CT examina- 
tions were compared with clinical assessment in the evaluation 
of treatment response of bony metastases in 20 patients with 
carcinoma of the breast The CT assessment was based upon 
both visual appraisal of the and a quantitatrve 
measurement of mean electron density within the abnormal 
area, Results are presented which indicate that conventional 
radiology (skeletal survey and localised view) compares 
poorly with clinical assessment, agreeing in only 35% and 50% 
of cases, respectively However, concurs with clinical 
assessment in 65% of patients, particularly with respect to 
healing (86%) Furthermore, in this study CT predicted the 
effect of treatment in six additional patients which has an 
confirmed on retrospective follow-up assessment It 
suggested that tbe use of skeletal surveys in B uan 
treatment response is limited and that for critical evaluation o 
treatment effects, CT scanning should be the method of choice. 


RHABDOMYOSARCOMA OF CHILDHOOD 
S. Thurairajasingam 
Royal Manchester Children’s Hospital, Pendlebury, 
Manchester 


This w a study of 38 cases (23 males, 15 females) of 
rhabdomyosarcoma treated at the Royal Manchester 
Children's Hospital over the last 10 years Four were under |! 
year old. Others were fairly evenly distributed from 1 to 15 
Sites of origin extended from temporal A E to the 

loot Local bony erosion was seen in seven (18%). Distant 
d (29%) developed metastases’ (a) bony its, 
; (b) nodal De s six i i 


(c) Pr mora opona, 
Bos invol by metastases Other chest lenons: 
n is common ın these children. Thirteen had one or 


more attacks, three by opportunistic invaders. Pleural effusions 
were seen in four was associated with pneumonia, one 
with metastases In the other two, pleura was 


nary 
di infiltrated. Both had ascıtes Heart. one had Scat 
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cardiac failure with pulmonary oedema Progressive cardio- 
megaly occurred up to death in another. This seemed to be a 
drug effect. There was no oot radiologically demonstrable 
complication of treatment osis has improved in recent 
years; 17 are alive and well T welve, including two of three 
recurrences, died Nine were lost for follow up. 


THE APPLICATION OF REAL-TIME ULTRASOUND IN 
INTENSIVE CARE 


J. Boultbee, C. Marshall and W. Kox 
Charing Cross Hospital, Fulham, London 


Eee ultrasound has many applications in the intensive 
ly in Kenny fluid collections in the 
abdominal cavity, the pleura and the pencardium. There are 
logistic problems in scanning the ahora organs m patients 
2 life rt, but the mobility and flexibility of modern real- 
id eat have largely overcome these problems Where 
the. combination of real-time ultrasound and  plain-film 
radiography of the chest and abdomen has failed technically or 
leaves areas of doubt, a CT examination seems mandatory 
The results of 58 patients who were examined on the 
intensive care ward are reviewed. In 37 patients, multi Sr or 
single fluid collections were found ultrasonically 
patients had aspiration of the fluid, often in more than aie 
site; six patients had surgical intervention, another two 
patients had findings confirmed at the post-mortem examina- 
tion Twenty-one patents where no fluid was found have been 
reviewed and the.implications of a negative examination are 
discussed. 


f 


THE VALUE OF OBSOPHAGEAL TRANSIT TESTS IN THE 
INVESTIGATION Of PATIENTS WITH CHEST PAIN 


K. S. Channer, P. C. Jackson and J. P Virjee 
Department of Cardiology and Radiodiagnosis, Bristol Royal 
Infirmary 


Oesophageal disease may cause chest pein indistinguishable 
from angina and it ıs thought to account for the pain in half 
the cases of angina with normal coronary angiograms. The arm 
of this study was to assess whether simple oesophageal trannt 
tests could petas ridic Sd ias with chest pain with 
and without coronary 

Twelve patients (es B female, m mean age 53.3 (range 40—69) 
years, investigated for angina were found to have normal 
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coro angi These patients were 
ibtd | with | tients who had angina vd sea 
stenoses of > 50% diameter on art angi 
Oesophageal function was assessed barium pesi 
examination and by timing the transit Tem: the oesophagus 
of both a radioactively labelled water bolus and 
barium-sulphate filled Sommer (CTT) Oesophageal! peristalsis, 
as judged by prone swallow examination, was 
abnormal in three patients (25%) with normal ars der and 
six patents ee with abnormal angiograms M 
was 136 ape 7 75-100) s de vus with normal 
164 ( 


angiograms A )s in patients with 
abnormal angiograms (P = 0.38) Median CTT was 300 (range 
9-300) s in patients with normal angiograms and 155 5 

9.25—-300) s in patients with abnormal angiograms (P = 07) 


In conclusion, resting abnormalities of oesophageal function 
were equally common in patients with angina-like chest pain 
with Moos and abno coronary angiograms 


INDIUM-111 LABELLED LEUCOCYTE IMAGING: A REVIEW 
OF 150 STUDIES 


M. Yamoto, W. N. Tauxe, L. Gumerman and 
H. Klein 


School of Medicine, University of Pittsburgh, Pennsylvania, 
USA 


One-hundred and fifty studies (144 cases) of !!'In labelled 
leukocyte scan were analysed The results were 
correlated with other imaging modalities including clinical, 
laboratory, surgical and pathologi PS Of the cases, 
36% were immunocompromised % were organ 
transplant patients. There were 79 abnormal studies. Of these, 
59 studies had abnormal uptake in the abdomen, 46*4 of them 
were associated with abscess or infectious process, 37% had 
non-infectious causes and 7% were aa Hi (bleed- 
ing, malignant tumour) Intense uptake greater than in spleen 
wai Usually -aMocmcd wiih been Du. Chee wat an 
exception There were 33 studies with lung uptake. Only 30% 
of them were due to infection Intensity or size of uptake could 
not distinguish infection from o processes It was 
concluded that a vanety of non-infectious and non- 
inflammatory processes accumulate !!!In leukocyte and 
anpa from abscess or infectious causes is often 
t 


POTENTIAL NON-CARDIAC APPLICATIONS OF CINE 
COMPUTED TOMOGRAPHY 


M. R. Rees, S. Flicker, *W. J. Eldredge, R. M. 
MacMillan and D L. Clark 


Killmgbeck Hospital, Leeds and * Deborah Heart and Lung 
Center, Brown Mills, USA 


Cine CT has the potential to investigate function in a wide 
vanety of organ systems Early expenence has shown that it is 
possible to construct tume—density curves from contrast flow in 
normal and abnormal lung. Three cases of lung collapse were 
studied and rapid contrast flow through the abnormal ! 
demonstrated; tume of contrast flow could be compared wit 
flow through the heart and normal lung tissue This method 
has potential application in the mvestigation of the physiology 
of lung collapse Local pulmonary ventilation was investigated 
by ane CT using non-radioactive Xe in five normal male 
sub demonstrating differences in ventilation between apex 
base of lung oe ae al, 1985) 

Renal contrast flow been clearly demonstrated by 
acquiring mages in a rapid timed mode (up to 58 ms 
intervals). Flow from the aorta through the renal artery to the 
renal cortex and into the renal vein can be differentiated and 
measured Flow in different areas of renal cortex can be 
compared. Differences in flow between kidneys may also be 
shown. Cine CT can be used to demonstrate upper airway 
dynamics; eight contiguous scans of the upper airway are 
taken at 0.6 s intervals during normal respiration Replayin 
these scans in a closed loop mode allows the evaluation of 
normal] and abnormal airway movement (Ell et al, 1985) 

Joint motion can also be studied; normal radio-ulnar joint 
movement can be demonstrated, with the possibility of 
investigating abnormal joint movement by this method. 

Although the scanner has a lower spatial resolution at 
present than many conventional CT scanners, improvements in 
resolution are being developed Even at present the ability to 
acquire rapid scans resents a considerable &dvance in 
patient throughput, loss of spatial resolution ts often 
compensated by elimination of movement artefact The whole 
chest can be scanned in [58 and give good sagittal 
reconstruction. This was found to be useful in the investigation 
of aortic discase, rly coarctation of the aorta which 
could be localised. It 1s concluded that cine CT has wide non- 
cardiac applications 
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Musculoskeletal Radiology Update 


Chairman: Dr I. Watt 


Developments m rheumatology—the interface between physicians and radiologists, by Dr P. A. Dieppe 


Prognostic radiology for osteoarthritis, by Professor L Solomon 


The radiographic and scintigraphic features of diabetic osteoarthropathy, by Dr D. J. Tawn, Dr J. P O'Hare, Dr L Watt, Dr 


P. A Dieppe and R. J. M. Corrall 


Te HMDP bone scanning in osteoarthritis—a« predictor of joint progression, by Dr C. W. Hutton, Dr I. Watt and Dr P A. 


Dieppe 

CT m patients with low back pain and sciatica—aen analysis of 250 patients, by Dr J. L. G. Thomson 

CT of the post-operative lumbar spine: 1s enhancement always necessary? by R. P. Bannon and Dr A. K. Dixon 

The changes m the intervertebral disc after chemonucleolysis demonstrated by MRI, by Dr M. J. Gibson, Dr J H. Buckley, Dr 
R R Mawhinney, Dr R. C. Mulholland and Professor B. S. Worthington 


MRI of syringomyelia using surface coils, by Dr M. H. Guilleux, Dr G. M 


DEVELOPMENTS IN RHEUMATOLOGY: THE INTERFACE 
BETWEEN PHYSICIANS AND RADIOLOGISTS 


P. Dieppe 
Bristol University 


Vue WES populations and disease prevalence in the 
ve led to a relative increase in the importance of 
cun duas E ee Rheumatology is also a 

industry Over tbe lest decade pew a 


p 
cp and assessment of disease 
depend largely on clinical examination and the 
plain radiograph >” 

Inflammatory polyarthntis can now be subdivided into 
several types on the basis of serological and other markers 
Prognosis seems to vary in the different groups. Many centres 
are now trying to match these sero subsets with 


radiological changes. Several drugs appear capable of alt 


disease progression, and prospective long-term studies o 
radiographic change are also being undertaken. Methods of 
standardising the reporting of ographic changes and of 


ogression to be developed. 

'Orecribdos aio imines dans dice UDSCU cand. & 
number of factors which may alter disease expression or 
outcome can now be identified. Radiological chondrocaicinosis 
ig an example of a phenomenon sometimes associated with a 
different pattern of disease hne c nd to different 
aean ondrocalcinoms te arthropathy 

reviewed as an example Of a m mis of 
rheumatology depending on an raperface between physician 
and radiologist. 


PROGNOSTIC RADIOLOGY FOR OSTEOARTHRITIS 
L. Solomon 


Department of Orthopaedic Surgery, Bristol Royal Infirmary 


Evidence is accumulating to support the hypothesis that 
osteoarthritis (OA) represents a collection of rders that 
have a final common pathway in the progressive articular 
Wésirüctón inch Dar coms to be resardad s ihe halbusri- of 
the disease iur fw dup O OA in DU mannet Ren ns i 
first step to elaborating a model of pathogenesis It 1s posited 
here that the subsets also have feine prognostic implica- 
tions For example, “hypertrophic OA” is associated with 

bone formation, actrve remodelling tends to stabilise the 
ailing jornt and articular destruction may be delayed for many 


Bydder and Professor R. E. Steiner 


years “Atrophic OA” shows more raped progression and 
responds poorly to conservative treatment. The recognition of 
these trends and an assessment of bone-forming capacity on 
the part of the host tissues are important in planning 


management 

The prognostic criteria for OA of the hip have been 
evaluated in over 200 patients admitted to hospital for hip 
replacement. These findmgs are described. 


THE RADIOGRAPHIC AND SCINTIGRAPHIC FEATURES OF 
DIABETIC OSTBOARTHROPATHY 


D. J. Tawn, J. P. O'Hare, I. Watt, P. A. Dieppe and 
R. J. M. Corrall 


Institute of Orthopaedics, Oswestry, Shropshire 


The chnical, radiographic and scintigraphic features of the 
Bes cen aes thy ae Geen ee ee 
ve a penp neuropa type 

e a editi dict pe ea 
nerve conduction velocities, tests of autonomsc function, and 
vibration perception thresholds Radiographs and blood pool 
and late phase "?Tc"-HMDP bone scans of both feet and 
ankles were performed A blood biochemistry profile is 
available on cach patient Initial results indicate that the t 
and severity of the bone and joint lesions depend upon 
ee ee ee and the state of 

vascular supply to the foot. Examples of the various lesions 
of diabetic osteoarthropathy are presented. Scintigraphy is the 
best indicator of disease activity. Abnormal sanugaphy with 
normal radiographs indicates activity Abnormal ographs 
with negative scantigraphy suggests quiescence. 


TECHNETIUM-99tn HMDP BONE SCANNING IN 
OSTEOARTHRITIS: A PREDICTOR OF JOINT PROGRESSION 


C. W. Hutton, *I. Watt and P. A. Dieppe 
Departments of Rheumatol * Radiology, Bristol Ro 
Putas 2d 


Investigating the cause and evaluating therapy in osteoarthritis 

a hampei by the inability to predict the disease’s evolution 
an to measure its progression Radiographs can only define 
the anatomical abnormality. pira bone scanning 
depends on radionuclide uptake, and so may reflect a 
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pel bar pr process in a manner that can be quantified 
e studied its si in generalised nodal osteoarthritis 
of osteoarthritis, 


(GNOA), a possible subgro 
A hand radiograph and a 4 h -camera *"Tc" HMDP 


gamma 
scan image were obtained in 33 patients with GNOA. A single 
observer, unaware of patient identity and the E ster 
radiograph or scan image, evaluated the films and scored 
joint for 1o n on a 0-3 scale Fourteen patients were 
then ollowed for 3-5 years and the scan and 
radiograph repeated. These were scored in a similar manner 
The pattern of joint abnormality could then be assessed 
objectively and the possible predictive value of that pattern on 
uent progression of osteoarthritis evaluated In the 
initial y of 33 patients, the pattern of joint involvement on 
scan showed marked compared with the 
radiograph. Of a total of 1054 joints, 20% were abnormal on 
the radiograph and scan, 12% on the radiograph alone and 
8% on scan alone. At follow-up of 14 patients 44% of joints 
abnormal on scan showed pro on and 52% remained 
unchanged. In contrast, only 10% of jomts norma! on initial 
88% remained The 


regress;0n. Of joints abnormal on 
scan, but normal on the raclogreP 70% progressed, whereas 
14% of jomts abnormal on ic aia but normal on 
scan, Some joints initially abnormal on scan 
became normal at follow-up. 

It appears that scanning predicts the subsequent evolution of 
mp guerre It demonstrates the aeons 
activity of an a Y opor CE baa onts are 
initally abnormal on want radi hic signs then develop, 
and as changes on the scan di no f radiographic 

occurs *"Tc" HMDP bone scanning may therefore 
provide a means of assessing osteoarthntu. F under- 
standing of the mechanisms of uptake may give insight into the 
aetiology of the disease 


COMPUTED TOMOGRAPHY IN PATIENTS WITH LOW BACK 
PAIN AND SCIATICA! AN ANALYSIS OF 250 PATIENTS 


J. L. G. Thomson 
Neuro-X-ray Department, Frenchay Hospital, Bristol 


At present 219 consecutive patients having CT scans for 
clinical low backache and sciatica have been reviewed Of these 
examinations, 144 were carned out on an outpatient basis, and 
75 from the wards, Eighty-seven of the patients were treated b 
operative surgery; 50 of these had been investigated by 
alonc andthe operative findings à with the wntten CT 
report. À further 21 patients had and radiculography, and 
operation confirmed the findings. A few others mild 
discrepancies which are discussed. Some of the non-operated 
cases were treated by epidermal injections or chymopapein 
injection. 


COMPUTED TOMOGRAPHY OF THE POST-OPERATIVE 
LUMBAR SPINE: IS ENHANCEMENT ALWAYS NECESSARY? 


R. P. Bannon and A. K. Dixon 
Department of Radiology, Addenbrooke's Hospital, Cambridge 


Forty-flve patients who had previously had a laminectomy 
were referred for CT in order to elucidate the cause of new, 
continuing, or recurrent clinical problems The patients were 
randomly allocated to one of three groups In one group of 15 
parean CT was performed both before and after & bolus of 

ml intravenous contrast medium (16 g I); a second group 


received. 100 ml (32g I) In the third group no contrast 


medium was given. In each patient an attempt was made to 
characterise nature of any abnormal soft tissue from the 
CT a j effort was made to differentiate 


ppearances 

between disc material and fibrosis. The effects of the different 
doses of contrast medium are discussed In some patients there 
was no significant CT abnormality, here the administration of 
contrast medium was superfluous. In most patients the pre- 
contrast CT features strongly pointed towards ether fibrosis or 
disc material; here enhancement merely confirmed these 
features. Contrast medium us, however, of great value in that 
minonty of patients in whom the mitial CT findings are 
equivocal, 


THE CHANGES IN THE INTERVERTEBRAL DISC AFTER 
CHEMONUCLBOLYSIS DEMONSTRATED BY MAGNETIC 
RESONANCE IMAGING 


M. J Gibson, J. Buckley, R. R. Mawhinney, R. C. 
Mulholland and B. S. Worthington 


University Hospital, Nottingham 


Chemonucleolysis with the enzyme chymopapain is an 
established treatment for sciatica secondary to intervertebral 
herniation/protrumon This 1s a prospective study of the serial 
changes in the MRI appearance of the calor verte bral disc after 
clon of a roD pain. Fourteen patients have been studied 

single-level onucleolysis and the results compared 
with a control group of 15 discs in five patents having 
diagnostic discography without insertion. A consistent 
pattern of gradual loss of signal from the nucleus pulposus 
culminating in a complete loss of nuclear signal was seen in all 
cases after chemonucleolysis. The rate at which this change 
occurred varied between 6 and 18 weeks Transtory minor 
end-plate changes were present in five patients, probably 
representing a mild chemical discitis No similar changes were 
seen in the discography group. 


MAGNETIC RESONANCE IMAGING OF SYRINGOMYELIA 
USING SURFACE COILS 


M. H. Guilleux, G. M. Bydder and R. E. Steiner 
Department of Diagnostic Radiology, Hammersmith Hospital, 
London 


The study was designed to assess the alnity of MRI to 
diagnose syringomyelia, evaluate its extent and detect 
associated abno ities Twenty-nine patents referred with 
clinical features suggestive of syringomyelia were examined 
using surface coils on a O15 T MRI system. The pulse 
oS used included spin-echo (S d ys 
as inversion-recovery (IR; sousou). Gadolinium- 

was ied n iwo casi. Ay com n was made with 
myelography, CT and metrizamıde studies. 

hé. cde was identified in 12 cases as a. cystic 
in ullary lesion with well defined The cord was 
widened in seven cases but was of no size in five The 
upper extent of the cavity was well demonstrated in each case, 
but the lower extent was less well seen in seven cases due to the 
presence of scoliosis and insufficient length of the surface coil 
Associated abnormalities were found in all cases (Chian I 
malformation, vertebral injury, tumour) Án expan cord 
was demonstrated with myelography in six of 17 cases 
Metrizamide CT showed a cyst in two of eight cases (after 
delayed study in one case) Among the remaining 17 patients 
whose MRI scans afforded no diagnosis, synnx was not 
demonstrated with any other technique 
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Modern Mould Room Techniques 


Chairmaz: Dr N. K. Gupta 


Setting up and managmg a mould room, by Mr G. K. Lowndes 


One approach to the production of a light-weight shell, by Mr F. A. Stanton 


The problems of CT scanning in a shell, by Ms J. E. Chnkard 
3-D tsue compensation, by Mr R. E. Hutchings 


Do we need abdominal shells for conformation therapy? by Dr T. J. Davy and A. T. Tate 
Facal prostheses. A small corner of the mould room, by Mrs D. Studd 


SETTING UP AND MANAGING A MOULD ROOM 


G. K. Lowndes 
Radiation Phyncs Section, Department of Medical Ph and 
Clinical Engineering, Weston Park Hospital, d 


The prumary function of the mould department is to provide 
shells and related devices to obtain reproducible beam 
direction, beam definition, compensation and attenuation 
results. These must be applicable to local conditions and, for 
this reason, there are probably as many variations m the final 
product as there are ts In existence. 

In initiatmg a new department, primary considerations 
would melude: 

(i) the requirements and expectations of the consultant 


therapy staff; 
(11) the energies and movement capabilities of the available 


tie availabdity of tn 

(m) the a ty of trained personnel or the acquisition 
of trainmg for existing possessing relevant 
aptitude. 


The accommodation should be sited with easy access to the 
treatment department, the smmulator and the treatment 
ee IO E O ee A UD. 
with tools and facilities according to the materials to be 
employe In a smalldepartment, a single Bere room (pose 
with a curtained or partitioned patent aren) employin 
technician, producing a few simple but nonetheless dre 
devices, may suffice. However, in the teaching hospital 
situation, with ongoing t as new materials, 
ena ul en and to allow for greater 
rooms wit specled ares may pro of patients, a suite of 
ee a ee Ae a ae 
a correctly structured operational policy 
ey Ss to rsen sequences in producton and patient 
management wil ensure smooth co-operation with related 
areas and inspire a reassuring atmosphere in the penent. 


ONE APPROACH TO THE PRODUCTION OF A LIGHTWEIGHT 
SHELL 


F. A. Stanton 
Christie Hospital & Holt Radmum Institute, Manchester 


The needs of different radiotherapy centres 
tate up dice and methods of construction of 
beam direction . However, certam requirements are 
fundamental for arty shell, in that it must confine the planned 
treatment to a defined volume, by virtue of its own 
This presentation outlines the method of construction of a 
shell as practised at the Christe Hospi ic ee 
various Senet: the chose of techniques and materials is 
exp i 


Several materials are avaiable for laking impressions. 
Plaster of Pans bandage is preferred because o its case of use 
and economy A lightweight “UVEX” shell 1s used, which 1s 
s onec uus Dat a Ue. ie es 
claustrophobic, and any movement of the shell is easily noticed 
and corrected. Treatment volume localisation and venfication 
1; achieved by taking radio with various markers fixed 
to the shell. enables ions regarding volumes to be 
made without the requirement for simultaneous of 
patient and doctor at a treatment simulator facility. A contour 
table is used to give an accurate outline of the treatment plane, 
which is required for plannmg The treatment fields may then 
be mustened to (be ihel sed: the eid of bean dunulRton 
templates. Any necessary tissue compensation may be achieved 
Bus communion a the team wedues andlor FUHncE DX 


compensators; the latter, altho resulting an loss of skin 
sparing, are accurately placed on the shell. treatment ports 
are then cut out, leaving a central "plate" line and field centre 

by marking the setting-up factors 


The shell 1s then com 
on the shell. 


THE PROBLEMS OF COMPUTED TOMOGRAPHIC SCANNING IN 
A SHELL 


J. E. Clinkard 
Cookndge Hospital, Leeds 


To enable information from a CT scan to be used directly for 
radiotherapy treatment planning of lesions of the head and 
neck, the patient must be scanned in the treatment shell The 
sites chosen for investigation were antrum, ethmoid and 
nasopharynx Lesions in these areas would normally be 
investigated by diagnostic CT scanning prior to radiotherapy 
treatment planning The am was to produce satisfactory scans 
with the patient in the treatment position so that i 
information could be used directly for plannin Eea d do prin 

main problems encountered were in adapting m nel 
and head-rest to reduce artefacts on the CT scan, and in 
tient m order to obtain a scan showing the 


Having obtained a suitable scan in the plane of the intended 
treatment, ıt was used to provide the patient outhne and 
volume information. ien of cr scans from a Philips 

ee ane on both the Philips 

and an AECL Theraplan 

shane field positioning and treatment 

ir cating The presence of a shell on the 
ucing an automatic outline of 
on the shell as reference points 


p ing to proceed 
scan can cause problems in 


techniq | 
used to provide both diagnostic information and information 


leading to direct treatment planning. 
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THREE-DIMENSIONAL TISSUE COMPENSATION 


R. E. Hutchings 
Department of Medical Physics, Norfolk & Norwich Hospital, 
Norwich 


This system presents & method of three dimensional beam 
attenuation to enable a isodose distribution to be 
accurately pomtioned wi a patient contour. Contours are 
from a beam direction shell using a digital contour 
table which allows contour outlines to be entered into a 
computer to construct a three dimensional “wire frame" 
mage Also contained within the image is other relevant 
information such as beam outlines, central axis and low- 
tolerance areas, On completion of the data mput, the computer 
will display the wire frame mage, which can be rotated in an 
y ind. to enable otherwise hidden areas to be observed 
, fecerve correction 
contour can be displa 
aa. be and an isodose 
will then calculate and design the sha 


on which a volume 
prescribed. The system 
of the compensator to 
Meus rotating cuttmg tool 
ter control, cut 
a reverse image of the et pc into a high- 
density po block. Each compensator, having been 
cast, is at to a perspex plate which w accurately 
positioned in the beam path after the patient has been set up 
on the treatment machme. 


DO WE NEED ABDOMINAL SHELLS FOR CONFORMATION 


THERAPY? 
T. J. Davy and *A. T. Tate 
Medical Physics Department, and * De t of 
Radiotherapy and Oncology, Royal Free Hospital, London 


In conformation therapy the treatment volume is shaped to 

match the volume in three dimensions. Accurate tumour 

localisation, reproducible patent ttal i the durabihty of reference 
and immobilisation are essen 


the attainment of these objectives. tive At pront we rds on a 
"free" set-up with sagittal, transverse reference 
planes marked on the heroes films demonstrate 
reproducibility of set-up and laser positioning lights confirm 
lack of patient movement. However, this setting-up procedure 


1s time consuming ape en ok ane rr When patent 
numbers are i constructed treatment shell will 
be an im miu nd S65 2 Mei ail eae d 

ee a GT E ir 


of pubis EE AR PEP set-up reproducibility. W 
the new generation of conformation therapy machines hi 
automatic p systems, the setting-up time will become e 
increasingly important factor in redu ug bee throughpu 

We believe that minimisation of set-up Si DIOE (6 d to be 
the principal advantage of treatment shells There is a need for 
quantitative studies to confirm their usefulness. 


FACIAL PROSTHESES. A CORNER OF THE MOULD ROOM 


D. M. M. Studd 
Mould Room, Christie Hospital and Holt Radium Institute, 
Manchester 
Facial disability is a very severe handicap. ite advances m 
reconstructive surgery, prosthesis may offer only answer. 


There are few centres which have technical and artistic 
Maxllo- 


y undertake this task. Ther routine work, like ours, 
ng and urgent, creates a situation where the 
prosthetics have to become subsidiary to the main work of the 
department concerned A com prosthesis requires regular 
renovation and replacement, ore follow-up is necessary, 
reducing the time available for teaching, development, and 
research. 
This paper describes: : a 
e cct ques o thesis uction; 
e the p sch determine the suitability of the 
materials availa 
(c) the dere aspects, including the need to avoid 
the generation of unrealustic expectations in new 
patients, 
i the methods of retention, 
e) the planning involved with the surgeon and technician 
before the operation; 
(f) the limits of technical achievements in preparation 
patient presents a different problem, dictating an 
individual approach. A close liaison between patient and 


technician can make the work gratifying as well as challenging 
and absorbing 
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CT demonstration of the development of benign thymic enlargement in adult patients after chemotherapy, by Dr C. M. Kissin, 
Dr J. E Husband, Dr W. Eversman and Dr D. Nicholas 

How does CT scanning contribute to the treatment of cancer of the larynx? by Dr P. J D. K. Dawes, Dr D. Patrick and Dr K. 
Hall 

Surgery, chemotherapy and whole-abdominal radiotherapy in the management of advanced ovarian carcinoma, by Dr M. J. 
Minton, Dr G. J. S. Rustm, Dr B. M Southcott, Dr M G Glaser, N. Howard, E. S. Newlands, R. H. J. Begent and K. D. 


Bagshawe 

Stage I malignant teratoma treated by orchidectomy alone—results of a study in the South West, by Dr S. E. Goodman and Dr 
P. A. Light 

Improving radiotherapy for astrocytomas, by Dr C. H Collis and Dr J. A Bullimore 

Use of various imaging techniques for the localisation of the treatment volume in breast carcinoma, by Dr J. Lovett, Dr J. A. 
Bullimore, Dr E. C. Whipp, Dr P. H. Stevens, M. Halliwell, Dr H. J Appleby, C. S. Abbott, D. Coules and T. J. Godden 

The use of mitoxantrone as a single agent m the treatment of advanced breast cancer, by Dr M. H. Robinson, Dr K. D. Durrant and Dr 
A. C. Jones 

New radiosensitising drugs, by Dr S. Dische and Dr M. I Saunders 

Changes in helper and suppressor T-lymphocytes following radiotherapy for breast carcinoma, by Dr G. H. Newman, Dr 
G. J. G. Rees, Dr R. S. J. Jones, E. A. Grove and A. W. Preece 

Prostatic +751 implant under ultrasound guidance (a) clinical considerations, by Dr E. C Whipp and H. Eckert 

Prostatic !?^*] implant under ultrasound guidance (b) physical principles, by Miss H. J. Appleby, Dr M. Halliwell and Mr T J. 
Godden 


Hyperfractionation in advanced head and neck cancer —results of a randomised chnical trial, by Professor V. Balasundaram, Dr 
M. S. Vidyasagar and Mr J. G. R Solomon 

Radiotherapy employing three fractions each day over a continuous period of 12 days, by Dr M. I. Saunders and Dr S. Dische 

Radiotherapy of advanced head and neck cancer using multiple fractions daily, by Dr D A. L. Morgan and Mr P J. Bradley 


COMPUTED TOMOGRAPHIC DEMONSTRATION OF THE 
DEVELOPMENT OF BENIGN THYMIC ENLARGEMENT IN 
ADULT PATIENTS AFTER CHEMOTHERAPY 


C. M. Kassin, J. E. Husband, W. Eversman and 
D. Nicholas 


CRC CT Scanning Unit, Royal Marsden Hospital, Sutton, 


It is recognised that in children the thymus may "atrophy 
during illness and then show or even " 
hyperplasia on return to health We have Pit ue pie 
this phenomenon also occurs in adults who have been 
successfully treated with chemothera for metastatic 
testicular tumours We emphasise that appearance may 
falsely nmulate disease relapse. 

We reviewed the CT scans of 200 patients with testicular 
tumours 120 had been treated with chemotherapy for 
metastatic disease and 80 had Stage I disease and had, 
therefore, undergone orchiectomy only Thymic enlargement 
had occurred in 14 (8.6%) of the patients who received 
chemotherapy, aged 17 to 39 years. This developed between 3 
and 20 months after the commencement of treatment Serial 
measurements demonstrated that, while the thymic volume 
increased substantially, the CT number remained constant. 
Histological examination of the thymus in one patient 
supported this finding by demonstrating that the enlargement 
was a true h 

In the control group of 80 patients who did not receive 
chemotherapy munimal th enlargement was noted in one 
patient only, who suffered numerous intercurrent 
infections. 

The prognostic oc fae of the thymic enlargement in 
these patients 1$ 


HOW DOES COMPUTED TOMOGRAPHIC SCANNING 
CONTRIBUTE TO THE TREATMENT OF CANCER OF THE 
LARYNX? 


P. J. D. K. Dawes, D. Patrick and K Hall 


Regional Radiotherapy Centre, Radiology and Neuroradiology 
Depariments, Newcastle General Hospital 


In 1983 CT scanning was introduced to Newcastle n Tyne 
Hospitals A study was undertaken to assess the value of CT 
scanning in the planning of radiotherapy treatment of the 
ite the fact that only a 256 matrix image could be 
used (because the treatment panna Y VDU would not accept a 
512 matrix mage), acceptab pes ery [v anis were obtained 
in the treatment shells. At the of 198 CT scans were 
with conventional ones ‘of the larynx The 
conclusion was that for clinical T,N My, carcinomas of the 
laryngeal glottis, if the direct laryn py findings of a 
tumour confined to the vocal co i-um by 
conventional tomography, CT scanning offered no further 
information. Fourteen cases treated for 1,N )M, carcinoma of 
larynx in 1983 have a mean disease-free survival of 17 months. 
One of these patients died from a myocardial infarct at 11 
months without evidence of recurrence No patient in this 
group had a recurrence For more advanced glotte carcinomas 
and all other apa carcinomas, CT scanning offered 
greater dilatare torte 3 35% of treatment plans 
were affected by scan In 11% of these cases this 
alteration has Lees affected survival. In 1984 a policy of 
conventional tomography only in T, NoMe glottic carcinomas 
and CT scanning only in other cases was implemented. The 


policy appears satisfactory 
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SURGERY, CHEMOTHERAPY AND WHOLE-ABDOMINAL 
RADIOTHERAPY IN THE MANAGEMENT OF ADVANCED 
OVARIAN CARCINOMA 


M. J. Minton, *G. J. S. Rustin, B. M. Southcott, 
M. G. Glaser, N. Howard, *E. S. Newlands, *R. H. J. 
Begent and *K. D. Bagshawe 


Radiotherapy and * Medical Onc Departments, Charing 
Crass Hospital, 


A pilot study on 36 women has been undertaken to determine 
the feambility of giving whole-abdominal radiotherapy after 
debulking surgery and chemotherapy for Stage III and IV 
therapy consisted of four 
$ alternating with four 
ophosp mg/m? with folinic acd 

rescue. Twenty-nine out of 36 (80%) patients were shown at 
second-look surgery to have « 2 cm residual disease after 
chemotherapy 
The planned radiotherapy dose was 2400 cGy in 20 fractions 
over 26 days by the EK E 
tolerated. Three patients failed to complete radiotherapy, two 
because of progressive disease and one because of vomiting 
Myel resROon was seen but was not trestment-limiting 
with the nadir of 1.5x 10* reached by 1300 cGy 
and the platelet count nadir of 4 x 10H reached by 1400 cGy, 
but which then plateaued or despite continuing 
radiot Median follow-up time diagnosis is 26 
months of 27 petients treatment, 17 have 
the majority, 14 out of 17, in the abdomen. The 
duration of survival of Stage III patents from 
completion of treatment was 18 months. 

As a result of our expenvence we are now evaluating whole- 
abdominal radiotherap SEED after chemotherapy for patients with 
uud minimal residual disease in a prospective randomised 


STAGE I MALIGNANT TERATOMA TREATED BY 
ORCHIDECTOMY ALONE: RESULTS OF A STUDY IN THE 
SOUTH WEST 


S. E Goodman and P. Light 
Bristol Radiotherapy and Oncology Centre 


The South West Testicular Tumour Study Group was 
established in 1981 to standardise the management of 
ea eae teratoma in the region and to evaluate the results. 
One-hundred and thirty-four patients have been staged and 
treated according to the protocol; 71 were tly clear of 
disease following orchidectomy (Stage I). OF these, 57 were 
entered into a programme of close Sur diia a and 14 for 
whom this was be eure unsuitable received sty hed 
radiotherapy. In the stl group 18 Ae aac GS) zm 
tumour recurrence treated 

E D M e ID 
one no response. patents are now In the 
surveilance group 9094 are alive and free of disease. In the 
radiotherapy group, four patients (29%) had tumour 
recurrence and were treated with chemotherapy Two showed 
complete response, one partial response and one no response. 
Eu. patients have died Eighty-six per cent are alive and free 


Features of recurrence are discussed The results indicate 
that surveillance is effective in the majority of this group of 
patients. Further analysis 1s directed towards identification of 
an "at nak’ group. 


IMPROVING RADIOTHERAPY POR ASTROCYTOMAS 
C. H. Collis and J. A Bullimore 
Radiotherapy Centre, Bristol 


More than 100 patients with astrocytomas treated between 
1980 and 1983 at the Radiotherapy Centre in Bristol have been 
reviewed, Initially, patients were treated with 45 G 
was gren toa e Cus volume Latterly, 60 Gy in 30 Nn 
quio a cc, Oy were the second phase to a 
iL volume Of % were high grade malignant 
A Aeree (Kemolian gad Sayre, Grade III and IV). 
Survival was increased in those recerving 54-61 Gy compared 
with those who received 40-48 Gy, with 35% alive at 1 year 
compared with 25%, but by 2 years only 8% were alive in each 
ponp and there 1s only one longer term survivor The natural 
tory of the “low grade” tumours was quite different, with 
50% still alive, but the numbers were too small to make a 
companson between treatments. 
In view of the dose-d t response of high grade 
use of implantation with !??]r, 
The technique is described and illustrated. Altho we had 
some success, tbe logistics of it have proved t We are, 
therefore, now developing further techniques which are 
o 


USE OF VARIOUS IMAGING TECHNIQUES FOR THE 
LOCALISATION OF THE TREATMENT VOLUME IN BREAST 
CARCINOMA 


J. Lovett, J. A. Bulumore, E C. Whipp, P. H. Stevens, 
M. Halliwell, H. J. Appleby, C. S. Abbott, D. Coules 
and T. J. Godden 


Departments of Radiotherapy and Medical Physics, Bristol 
Radiotherapy and Oncology Centre 


Accurate delineation of the treatment volume for breast 
carcinoma ts essential if underlying lung tissue 1$ to be spared 
during the treatment of the breast tissue and contiguous nodes 
To improve localisation, four different imaging modalities have 
been ‘evaluated to determine the optimum method of 
localisation with the patient in the treatment position. The 
data have been collected in the following forms (a) CT data 
from an EMI 5005 scanner, (b) ultrasound B-scan data from a 
B & K scanner with a scanning arm, (c) Cynosure 2000 CT 
system fitted to an Oldelft simulator (d) conventional AP 
and lateral radiographs taken on the simulator. 

All mage data are fed into the treatment pannus ii 
on line in the case of the CT scanner data and the Visum 
pe through a microcomputer interface for the ultrasound 

ta or using conventional planning techniques for the outline 
and treatment volume determined on the simulator For each 
modality, outlines or scans are taken thro the same level on 
the patient and computer distributions produced for each level 
From the information obtained, a companson is made of the 
optimum imaging modality to ensure adequate radiotherapy to 
the treatment volume 


THE USE OF MITOXANTRONE AS A SINGLE AGENT IN THE 
TREATMENT OF ADVANCED BREAST CANCER 


M. H Robinson, K. D Durrant and A. C. Jones 
Depariment of Radiotherapy and Oncology, Churchill Hospital, 
Oxford 


Early trials of Mitoxantrone have demonstrated an overall 
response rate of 25-30% in breast cancer In these studies 
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< 50% patients had recieved prior hormone therapy Thirty- 
two consecutive patients with breast cancer, having failed 
hormone therapy of mean duration 20 7 months, were entered 
into a prospective study of tbe efficacy and toxmaty of 
Mitoxantrone at a dose of 14 mg/m? every 3 weeks 
escalation in 2 mg/m increments was planned for those with 
static disease tment was discontinued if there was 
progressive disease after two courses at gle dose. One patient 
was pre-menopausal, altho seven had undergone an 
induced menopause Twenty-four patents had a Karnofsky 
status > 60%. Disease was predominantly of chest wall and 
soft ussue (7594). Mean number of courses received was 4 
(range 1-12). 

Results 

Evaluable (two courses) CR PR 

24 | 3 10 10 

Toxicity was low; no nausea with 56% of courses, diarrhoea 
and stomatitis negligible Of evaluable patients, 82% had no 
significant alopecia Neutropenia prevented dose escalation 
above 14 mg/m? in all but one suitable patient, only eight 
courses were delayed by it. The overall response rate using 
Mitoxantrone as a single agent was lower than previously 
reported and it needs further evaluation in the routine clinical 
setting. 


NEW RADIOSENSITISING DRUGS 
S. Dische and M. I. Saunders 


Mare Curie Research Wing for Oncol 
Hospital, Northwood, M 


In a programme to develop more effective radiosensitising 
drugs than misonidazole, two have for we ae 
The Roche experimental ud p sacha a 

compound with a basic sidechain shorter lle ak in 
plasma than misonidazole and eds a concentration in 


tissues, S ario in tumour The compound develo 
Stanford, SR-2508, which is a low hilic compo also 
has a shorter half-life in plasma, and & lower uptake in 
neural ussue. A prediction of the likely benefit as an hypoxic 
cell radiosenmtiser as com with misonidazole can be 
made from a knowledge of the concentration which can be 
achieved m the tumour cells at the time of radiotherapy. We 
have developed a technique of sequential administration of 
different sensitising drugs to the same patient, with subsequent 
tumour sampling so that a direct comparison of the tumour 
concentration can be made. 

We have now completed three series of studies in which 78 
tumour samples from 17 patients have been analysed. Six were 
given misonidazole and Ko 03-8799, eight were given SR-2508 
and Ro 03-8799, and three were given all thee When 
equal doses of the three tusing drugs are given, both SR- 

and Ro 03-8799 give doubles the concentration in tumour 
obtainable with misonidazole Allowing for the total permis- 
sible doses of the different drugs and their relative sensitisin 
eficsencies, we can predict that in a 25 fraction course o 
radiotherapy, SR- and Ro 03-8799 are likely to be five 
times more efficient than misonidazole in achieving radio- 
sensitisation of hypoxic tumour cells 


Mownt Vernon 


CHANGES IN HELPER AND SUPPRESSOR T-LYMPHOCYTES 
FOLLOWING RADIOTHERAPY FOR BREAST CARCINOMA 


G. H. Newman, G. J. G. Rees, R. S. J. Jones, E. A. 
Grove and A. W. Preece 


Radiotherapy and Oncology Centre, Bristol 


ped d in total T-lymphocytes and two subsets in penpheral 
blood after radiotherapy have been followed umng monoclonal 


antibodies Blood ope were taken from 17 women before 
and at intervals during the 9 months after megavoitage 
radiotherapy to the chest wall and axillary nodes Total white 
cell counts were determined in whole blood. Lymphoid cells 
were separated from hepannised blood b dons Over 
a density gradient Monoclonal ao ubodiés kton & 
Dickinson Ltd) conjugated with fluorescent idi were used 
to label the lymphocytes, anti-Leu ] marking T-lymphocytes 
and anti-Leu 2a and 38, respectively, defining suppressor and 
helper subsets At least 300 cells per sample were counted using 


fluorescence microscopy 
Following treatment, the total | rhe count fell and 
remamed si ntly depressed throughout the 
study peri while the proportion of T phocytes was 
Mean H. Stop uer n Dod E 
1 8 to 2.2), both before and 3 months after treatment (1. 
EM 0.2 and 1.95, SEM 0 27, respectively), but had fallen to 
1.56, SEM 017 by 6 months and remained sgnifican 
reduced (p < 0.02) thereafter Thus, a fall im total T- 
lymphocytes with an unaltered H S ratio was followed by a 


recovery in cell numbers, which was greater for ay gie 
cells than for helper cells, with a consequent fall in H: ; 


PROSTATIC IODINE-125 IMPLANT UNDER ULTRASOUND 
GUIDANCE (A) CLINICAL CONSIDERATIONS 


E. C. Whipp and H Eckert 


Department of Radiotherapy, Bristol Radiotherapy and 
Oncology Cen 


Carcinoma of bert e 5 Increasing ds incidence, 
particularly m u eat o without apparent 
cause. The available treatments for localised disease melude 
complete surgical removal of the prostate, a technique not 
without nsk and unpleasant side-effects, and localised 
radiotherapy to the gland. External beam radiotherapy is 
effectrve in controlling the disease but 1s associated with 
unacceptable side-effects in 9% of cases. Brachythera ey Ea 
to offer the advantages of control of the disease without the 
side-effects of radiation damage to wes eniin Twenty-one 
patients with localised prostatic cancer have been implanted 
with '75] seeds Initially this was performed at open operation 
wnth tbe prostate through a suprapubk memon (eight 
patients). The following 13 patients were implanted umng a 
technique, the loading needies being inserted 
using & rectal] ultrasound probe technique and initial 
Frid are described together with proposals for improvements 
to the present method 


PROSTATIC IODINE-125 SEED IMPLANT UNDER 
ULTRASOUND GUIDANCE (B) PHYSICAL PRINCIPLES 


H. J. Appleby, M. Halliwell and T. J. Godden 


Department of Medical Physics, Bristol Radtotherapy and 
Oncology Centre 


Todme 125 1s an attractive radionuchde for brachytherapy. Its 
half-life of 60 days makes it suitable for permanent implant 
therapy, and as it emits low energy X rays, minimal radiation 
protection is required. 

Iodine-125 seed implants are used to treat certain patients 
with carly stage prostatic cancer, Seeds are implanted gr 
needles which are inserted into the prostate through the 
perineum. This procedure is carried out with an ultrasound 
transducer located in the rectum to produce real-tume images 
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of the prostate in the transverse plane, and to show the 
positions of the needle tips in the gland. 
Rectal ultrasound i$ also used pnor to the implant to assess 
the volume and “average dimennon” of the prostate and to 
the seed distribution The average dimension is used 
together with & nomogram developed at the Memorial Sloan- 
Kettering Hospital to predict the number and activity of seeds 
necessary to give the required dose Dose calculation 1s done 
by computer The seeds are identifed and their positions 
determined from three isocentric radiographs The computer 
program then calculates and displays dose distributions in 
planes through the gland, and evaluates the volume of the 
prostate treated to particular dose levels, enabling the 
determination of a “matched penpheral dose" for the implant 


HYPERFRACTIONATION IN ADVANCED HEAD AND NECK 
CANCER: RESULTS OF A RANDOMISED CLINICAL TRIAL 


V. Balasundaram, M. S. Vidyasagar and J. G. R 
Solomon 


Department of Radiotherapy & Oncol 


, Kasturba Hospital, 
anipal-576 119, Karnat 


a, India 


There is no general agreement on an optimum fractionation 
schedule m radiotherapy, the present practice of 
irradiation five times a week is based merely on administrative 
and economic convenience, rather than on a sound radiobio- 
logical foundation. Conventional fractionation may not be the 
best with respect to cellular kinetics and radiosensitivity The 
radiohiological basis of hyperfractionation is The 
terms superfractionation and h raction&tion are defined. 

We have been treating Stage IH and IV cancers of the head 
and neck with two and three fractions a day, over the last 3 
years. We also conducted a randomused controlled clinical trial 
giving two fractions or three fractions a day for head and neck 
cancers. More than 50 cases were included in cach part of the 
trial This presentation Our 3-year experrence usin 
daily multiple fractions tor head and neck cancers 
comperes the two fractionation regimes. The skin reactions 
were comparable to conventional fractionation. The mucosal 
reactions were acceptable The advanced head and neck 
cancers definitely achieved better palliation than with 
conventional fractionation. It would appear that there 1s no 
statistically significant difference in the results between the two 
fractionation regimes 


RADIOTHERAPY EMPLOYING THREE FRACTIONS EACH DAY 
OVER A CONTINUOUS PERIOD OF 12 DAYS 


M. I. Saunders and S. Dische 


Regional Centre for Radiotherapy and Oncology, Mount 
Vernon Hospital, Northwood, Middlesex 


Radiobiological evidence now suggests that in the radio- 
therapy of human tumours, regrowth between fractions is 
much more important than was considered formerly (Fowler, 


[984). Áccelerated fractionation, using multiple treatments in 
one day, should lead to a reduction in time for regrowth 
between fractions. It follows, however, that with such a 
schedule, a pause in treatment at the week-end, or dunng the 
gap which occurs when a split course is employed, is likely to 
gs or the benefit to be obtained 

e have administered 36 fractions of radiotherapy over a 
continuous period of 12 days with a 6 h gap between the first 
and second and between the second and third treatments on 
each day. Twenty patients have now been included in this 
Phase I study. The predicted acute reactions in the mucosa of 
the oral cavity and in the oesophagus were not excessive and 
no other mmmediate problems have developed Immediate 
tumour responses have been remarkably romana. In five of 
the first seven patents with carcinoma of bronchus tbere has 
been radiological evidence of complete tumour regression, 
while in the remaming two, 80% regression was o 
before, in one rA 
other, radiation fibrosis obscured the primary mte All four 
patients with genie head and Wow E showed a p 
response in site with compiele regression 
healing. The technique proved to be a practical one and 
the promising tumour responses combined with the expecta- 
ton of a low incadence of late change encourages a full 
exploration 


REFERENCE 
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RADIOTHERAPY OF ADVANCED HEAD AND NECK CANCER 
USING MULTIPLE FRACTIONS DAILY 


D. A. L. Morgan and P. J. Bradley 


Departments of Radiotherapy and Otolaryngology, General and 
University Hospitals, Nottingham 


A trial of MFD radiotherapy for advanced squamous-cell bead 
neck cancers was commenced in June 1983, to asses 
whether "radical" doses of radiation (45 Gy and over) can be 
delivered more rapsdly than with conventional fractionation 
without exceeding acute normal tissue tolerance Twenty-five 
patients have ulis treated 
Radiothera given three times daily, with & minimum 
interval of 3 eto, fractions and a fraction sze of 
| i-i 5 Gy. Md were used, with a rest 
after 45 Gy ın 2 weeks, followed " to 60—70 Gy for 
DE tumours Subsequen h using smaller fractions 
Gy), paas with laryngeal tumours have been able to 
la higher doses without interruption (60-65 Gy in 4 
weeks). Mucosal reactions necessitated treatment interruption 
below 45 Gy in two frau] patents, in whom a large part of the 
oral cavity was within the treatment volume All other patients 
reached at least 45 Gy without interruption. Complete clinical 
responses were seen in 14 patients; two patients are as yet 
unassessable In the 1] patients with laryngeal cancer, there 
have been no relapses at the primary site to date 
Radiotherapy using M cnl as described here, enables radical 
doses to be delivered quickly, particularly in laryngeal 
tumours, preluminary rerit are encouraging. 
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1986 Mayneord Lecture 


SEEING THINGS MORE CLEARLY 
G. R. Higson 
Director of Scientific and Technical Services, DHSS, London 
The last 20 years have seen many developments in. a 
ability to visualise the interior of the Huan i body. A sume 
number of these have either originated, or have their carly 
development stages, in the UK The DHSS has played a 
in the development and/or the introduction of several of 
new devices, a role which is quite distinct from that of the 
normal regulatory activity of a Government department and 
which appears to be unique to this country. The first example 
of this partnership role appears to be the ultrasonic B-scanner 


in 1964, and ıt has since included all imaging modalities. The 
most significant has been the CT scanner mtroduced in 1971 
but there are hopes that MRI may have a similar impact. 

Besides this ved ia OPAR in many new developments 
in medical imaging, Department has promoted a number 
of exercises in the measurement of performance, or some 
aspects of performance, of vanous types of medical imager 
and it has put these into use either as routine quality con dol 
axis or in evaluation exercises aimed at helping radiologists 
make better choxces of chad prio 

All the work ment depends on close collaboration 
between scientists and administrators in Government, scientists 
and manufacturers in industry, and scientists and doctors in 
the NHS. Results have shown that the UK us remarkably well 
suited for the promotion of that collaboration 


Buying for Radiology, One Day Seminar, Thursday 10th April 


No abstracts published 


Neuroradiology 


Chairman: Dr G. Thomson 


The mpact of CT and MRI on imaging of the cervical spine m patients with rheumatoid arthritis, by Dr B. J. Preston, Dr R. R. 
Mawhinney, Dr J. H. Buckley, K. Lloyd-Jones and Professor B. S Worthington 

IV DSA in intracranial aneurysms, by Dr P. Butler, Mr A. N. Jha and Mr R. H. Lye 

Cranial CT findings of hver failure, by Dr J W. Lecky, Dr P. Bernthal, Dr W. E. Rothfus, Dr R. E. Teuter, Dr D. M. Van Thiel 


and Ms A Hays 


NMR imaging in clinically isolated neurological syndromes, by Dr I. E. C. Ormerod, G. Johnson, D R. MacManus, W. I. 
McDonald, P. Rudge, E. P. G. H. du Boulay, B. E. Kendall and L F. Moseley 


Magnetic resonance appearances of primary intracranial lymphoma, by Dr S. McKinstry, Professor B. S Worthington, Dr P. D. 


Lewis and Dr J. S. Lowe 


An assessment of the clmical contribution from low-field MRI in the posterior fossa, by Dr D. M. Kean, R J. Sellar, J Heath, 
Dr M. A Smith, Miss R. H. B. Douglas and Professor J. J. K. Best 
Differential diagnosis of cerebello-pontine angle lesions by MRI, by Dr R. R. Mawhinney, Dr J. H. Buckley, Dr J. S Lowe and 


Professor B. S. Worthington 


The corpus callosum: a reappraisal by MRI, by Professor B. S. Worthmgton and Dr I. M. Holland 
The investigation of brain-stem gliomas using low-field MRI, by Dr D. M. Kean, Miss R. H. B. Douglas, Dr M. A. Smith and 


Professor J. J. K Best 


MRI of perrventricular kukomalacia, by Dr J. Pennock, Dr G. M. Bydder and Dr L. Dubowitz 

MRI demonstration of meningeal contrast enhancement, by Dr S. McKinstry, Dr M. H. Guilleux and Dr G. M. Bydder 

A case of malignant melanoma with cerebral involvement, by Dr D. M. Kean and Dr J. J. Going 

A mmple radionuclide technique for localising intracerebral lesions prior to neurosurgical or CT guided biopsy, by Miss J. G. 
Wheeler, Mr P. A. Smith, Mr R. B. Richardson and Mr H. B. Coakham 

A simple technique for CT guided brain biopsy, by Dr A. J Longstaff and Mr H. B. Coakham 

An assessment of tbe contribution of different types of MR image in the reporting of clinical MR images of the brain, by Dr 
D. M. Kean, Dr R. J. Sellar, Dr M. A. Smith, Miss R. H. B. Douglas and Professor J J. K. Best 
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THE IMPACT OF COMPUTED TOMOGRAPHY AND MAGNETIC 
RESONANCE IMAGING ON IMAGING OF THE CERVICAL SPINE 
IN PATIENTS WITH RHEUMATOID ARTHRITIS 


B. J. Preston, R. Mawhinney, J. Buckley, K. Lloyd- 
Jones and B. S Worthington 


Department of iugo id 
Nott 


A study was made of 15 patients who had sufficiently severe 
neurological symptoms and signs and/or severe pain due to 
rheumatoid involvement of the neck that operative interven- 


ween 1 Medical Centre, 


D was planned. tient. underwent 
one wy oe conventional Tis s , myelography, and 
nvenuonal tomography added little to the plain 
R Myelography could detect the level and extent of 
cord compression but assessment of the upper cervical shy 
with the spine in fiexion was poor. Computed gii lad 
performed shortly after myelography was found to be effective 
in assessing Cord compression at levels with the spine in 
both flexion and extension. It was also useful in showing the 
bony confines of the canal and atlanto-axial rotation. 
Magnetic resonance images of the cervical in the sagittal 
plane were of sufficient quality to detect cord compression and 
were able to show the effects of fiexion/extension. It is 
concluded that magnetic resonance imaging could replace 
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myelogra Or cord compression If details of 
b a P ny outline of the spinal canal are 


required, then CT will provide the appropnate images. 


INTRAVENOUS DIGITAL SUBTRACTION ANGIOGRAPHY IN 
INTRACRANIAL ANEURYSMS 


P. Butler, *A. N. Jha and R. H. Lye 


Departments of Newroradiol 
Manchester Ro: 


The limited resolution and lack of selectivity of intravenous 
DSA precludes its use m the pre-operative assessment of 
intracranial aneurysms and vascular malformations Despite 
this, useful peri-operative information can be obtained using 
the technique in such cases’ 3 years’ experience is presented. 
The presence of arterial spasm, taken in conjunction with 
the patients’ clinical status, may influence the of surgery 
following a subarachnoid hacmorrhage Examples onstrat- 
ing the utility of intravenous DSA in showing spasm oe 
major in vesels are given Post-operatively, the 
tion of a surgical clip on an aneurysm can be shown and it 
I pombe to monitor the large vascular malformations and 
intravenous DSA  Conduzons are drawn 
with approximate size of the smallest aneurysm 
discernable i in aa to anatomical position Consideration 1s 
given to the role of intravenous DSA ın screening for 
aneurysms and vascular malformation 1n relation to CT 


fra Cd 


CRANIAL COMPUTED TOMOGRAPHIC FINDINGS OF LIVER 
FAILURE 


J. W. Lecky, P. Bernthal, W. E. Rothfus, R. E. 
Teuter, D. M. Van Thiel and A. Hays 


University of Pittsburgh, Pennsylvania, USA 


The pabent groups in this study are as follows. 
1) non-liver transplant, non-alcoholic liver failure; 
Q) nos non-liver transplant, alcoholic cirrhotic liver failure and 
S n. with pre-transplant and post-transplant 


opathy 

The patients were assessed as to cognitive function, intellect, 
learning, memory, psychomotor capacity, visual spatial 
capacity, attention and concentration, social functioning and 
emotional and psychiatne disturbances The data obtained are 
correlated with cranial CT findings, including assessment of 
ey and/or other cerebral parenchyma! abnormalities. The 
cranial CT and psychological—peychiatrc evaluations of these 
abnormal patients were then evaluated in relationship to a 

normal control group. The results are presented. 


NUCLEAR MAGNETIC RESONANCE IMAGING IN CLINICALLY 
ISOLATED NEUROLOGICAL SYNDROMES 


I. E. C. Ormerod, G. Johnson, D. R. MacManus, 
W. I. McDonald, P. Rudge, E. P. G. H. du Boulay, 
B. E. Kendall and I. F. Moseley 


The National Hospital for Nervous Diseases, London 


The sensitivity of nuclear magnetic resonance imaging (NMRI) 

in demonstrating abnormalities within the -brain in mul 

nini is well established We, therefore, used a 0.5 T 
er system, imaging protons to study a group of 


Pd with cluncally isolated neurological syndromes of a 
known to be common in MS. These were patients in their 
neurological episode with no previous i unes 

eight patients with optic neuritis, patients with 

isolated brain-stem syndromes and 30 patients with ssolaied 
syndromes of the spinal cord were examined. Clinically 
unsuspected disseminated lesions within the brain were seen in 

62%, 74% and 53% of patients, respectively. 

Nuclear ma resonance g was more sensitive 
than evoked potentials in demonstrating the presence of 
disseminated lesions; it was also more sensitive evoked 
potentials in idein! the presence of abnormalities 
which might be responsible for the presenting brain-stem and 
spinal-cord syndromes. However, visual evoked potentials 
were more sensitive than NMRI in detecting abnormalities 
within the optic nerve in patients with optic neuritis. From a 
study of acute and chronic lesions of the brain 
measurements of the T, and T, characteristics of indrvid 
lesions may allow an estimate to be made of their age The 
prognostic significance for patients with NMRI abnormalities 
at presentation is not yet established. 


MAGNETIC RESONANCE APPEARANCES OF PRIMARY 
INTRACRANIAL LYMPHOMA 


S. McKinstry, B. S. Worthington, P. D. Lewis and 


J. S. Lowe 
Department of Diagnostic Radiology, Royal Postgraduate 
Medical School, Hammersmith Hospital, London 
The NMR a noes oa intracranial | ids 
have not been bed Dresiouity E our histologi 


cases are discussed and comparison 1s made wi 
on CT The difficulties in diagnosing this rare gu aie: 
sensitive tumour are discussed. 

The matenal comprises three female and one male sat 
aged from 10 to 6 All presented with neuro 
Pub end none Badicu e Pe Gees The The 
NMR scans used a variety of spin echo and inversion recovery 
sequences Computed tomography consistently showed less 

than R; contrast enhancement was seen 

gnetic resonance demonstrated 
multiple lesions in all cases and all showed periventncular 
involvement. Mass effects were not prominent. One case was 
given intravenous gadolinium-DTPÀ and enhancement was 
seen. 

Pnmary intracranial lymphoma tends to involve deep, 
central structures with su eee e ventricular spread. 
of multifocal disease On 


There is a high incidence ( 
CT the lesions are often conf with other tumours and 


metastases The increased sensitivity of MR beads to increased 
detection of multifocal disease; however, the penventricular 
distribution and lack of mass effect may be confused with 
white-matter disease. 


AN ASSESSMENT OF THE CLINICAL CONTRIBUTION FROM 
LOW-FIELD MAGNETIC RESONANCE IMAGING IN THE 
POSTERIOR. FOSSA 


D. M. Kean, R. J. Sellar, J. Heath, M A. Smith, 
R. H B. Douglas and J. J. K. Best 


NMR Imaging Unit, University of Edinburgh, Royal Infirmary 
of Edinburgh 
An attempt has been made to assess the clinical contribution to 


the diagnosis and management of patients from the use of 
MRI in the investigation of the posterior fossa One hundred 
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patients with a vanety of neurological and neurosurgical 
problems were examined and the MR examination compared 
with other investigations (in most cases CT). The results of all 
tests were analysed along with the patients’ clinical notes A 
neurological and on was also obtained as to 
the contribution MRI had made im each case. In all cases 
where the examinations were abnormal, MRI was considered 
to be supenor and made the vs deed moe conspicuous. In 
al cases of patholo craniovertebral 
on, MRI was considered to E ur caer and should now 
considered to be the imaging technique of first choke 
Deficienczes of MRI included some lack of specificity where 
contrast-enhanced CT was supenor, the lack of calcium 
demonstration, and the inability to mage m the vicinity of 
even small amounts of metal. 


DIFFERENTIAL DIAGNOSIS OF CEREBELLO- PONTINE ANGLE 
LESIONS BY MAGNETIC RESONANCE IMAGING 


R. R. Mawhinney, J. Buckley, J. S Lowe and B. S 
Worthington 


Department of Human Morphology, Unrversity of Nottingham 


The MRI features of 20 assorted lesions occurring at the 
cerebello-pontine im atri are examined. These consttute 16 
tumours, all proven histologically, and four vascular lesions 
uence are were found 
and meningiomas (five 

y exhibiting a greater 


value ın erentiation between neurilemmomas and 
meningiomas were of t value in the diagnosis of 
vascular lesions due to the T, of blood clot. T, 


images were also of help in assessment of tumour suze 

Extension of tumour into the internal auditory meatus 
(IAM) was demonstrated on all but one of the acoustic 
neuromas in which IAM widening was present on CT. With 
the exception of a congenital cholesteatoma, it was not found 
with any of the other lesions The transverse perspective was of 
the greatest value in lesion assessment, though tbe coronal 
perspective may be of value with large lesions, The sagittal 
dii pape is generally of httle help 

unlemmomas were examined for any possible 

correlation between spin sequence characteristics and 
histological features Bila oie could be shown. Suny, no 
correlation was found between spin characteristics and surgical 
findings of tumour consistency, 


THE CORPUS CALLOSUM: A REAPPRAISAL BY MAGNETIC 
RESONANCE IMAGING 


B. S. Worthington and I. M. Holland 


Department of Academic Radiology, Queen's Medical Centre, 
Nottingham 


The advent of MRI has provided a direct 
perspective in sectional brain maging and 


unparalieled clarit ee use of its relatively firm connstency it 
was called ‘‘the body" by early anatomists, but MR 
studies show ıt to have a remarkable pliability able to tolerate 
stretching and thmning in hydrocephalus and a range of 
deformities when compressed by adjacent mass lesions. It has, 
however, only a imited capacity to regain its original 
configuration when the source of deformity is removed. 


Congenital abnormalities, such as ageness or lipoma, are 
Seay y assessed and vascular malformations can be shown 
without the need for contrast medium injection Areas of 
demyelination and shearing injuries which are not apparent on 
CT can now be shown. Pnmary tumours of the oa 
callosum can be detected before there is 

alteration m the sre or morphology and en neus pem 
ment by hemisphere tumours with transcaliosal spread can be 
detected with a senmtvity exceeding that of CT. The 
information gained from MRI studies has facilitated the 
transcallosal approach to tumours such as intraventricular 


ependymomas. 


THE INVESTIGATION OF BRAIN-STEM GLIOMAS USING LOW- 
FIELD MAGNETIC RESONANCE IMAGING 


D. M. Kean, R. J. Sellar, R. H. B. Douglas, 
M. A. Smith and J. J. K. Best 


NMR Imaging Unit, University of Edinburgh, Royal 
Infirmary of Edinburgh 
The identification of bram-stem gliomas can be difficult using 


conventional methods such as X-ray CT; this may have tragic 
consequences since most of these tumours occur in a youn 


age grou NE DL ME in 
Royal I of Edinburgh has detected several examples of 
brain-stem glioma and these demonstrate the advantages of 


MRI 1n the investigation of this type of pathology In two 
cases the prolongation of relaxation times 

identification of a lesion to be made when a CT examination 
x eS Cu e UN B Fae 
available m MRI provided very precise localisation of the 
tumour In one case haemorrhage into a tumour was identified 
on MRI, and in all cases decrease in both the sze and 


relaxation times was clearly seen after therapy. 


MAGNETIC RESONANCE IMAGING OF PERIVENTRICULAR 
LEUKOMALACIA 


J. Pennock, G. Bydder and L. Dubowitz 


Departments of Radiology and Neonatal Medicine, Royal 
Postgraduate Medical School, Hammersmith Hospital, London 


Tue DOR eet ted es Oe e Epo 
tion and a of periventricular leukomalaca 
Qv subcortical leukomaiacia (SL) with age using MRI. 
di of PVL (five infants) and SL (two infants) was 
made by ultrasound The examinations were done in 2 0 15 T 
Picker prototype machine. AG Pu. gi -resolution, age-adjusted 
inversion-recovery scans to assess myelination and 
the distribution of the kikemia Transverse scans were 
obtained through the ventricles and the centrum semiovule. 
The children with PVL showed an increase in white matter 
at each examination. In early life, leukomalacia was best seen 
in the centrum semuovale as clearly defined areas of long T,. 
The cysts shrank in size but were still evident at 18 months. At 
mid-ventncular level the posterior horns wee enlarged with a 


Rosae need ode PME ULM cyst coalescence. 
No myelin was identified in one infant SL examined at 38 


weeks and 5 months, however, there was ahrinkage of the 
extensive cysts with an increase in ventricular sıze second 
child, examined at 8 months, had myelin in the internal capsule 
and multiple e A A No change was 
seen at 18 mon 
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MAGNETIC RESONANCE IMAGING DEMONSTRATION OF 
MENINGEAL CONTRAST ENHANCEMENT 


S. McKinstry, M. H. Guilleux and G M Bydder 
Department of Radiology, Hammersmith Hospital, London 


The absence of artefact or partial-volume effect from cortical 
bone enables the region of the meninges to be seen clearly with 
MRI. Seventy-three cases in which MRI examinations were 
performed following admunistration oof intravenous 
gadolinuum-DTPA were reviewed in order to determine the 
clinical situations in which meningeal enhancement may be 
seen. 

Evidence of enhancement was seen in cases of meningioma, 
astrocytoma, sarcoidosis and subdural haematoma and 
following resection Histological correlation in cases of 
meningioma layed dural extension in one case and reactive 
change in a second case. The membrane surrounding subdural 
haematoma enhanced both medially and laterally. 

While dural enhancement may occasionally be seen with CT 
particularly following oval of a bone flap, meningeal 
enhancement appears more common with MRI and may be of 
value in detecting tumour mfltrauon as well as infective and 
non-infective forms of meningitis. 


A CASE OF MALIGNANT MELANOMA WITH CEREBRAL 
INVOLVEMENT 


D. M. Kean, M. A. Smith, R. H. B. Douglas, 
J. J. Going and J. J. K. Best 


NMR Ima Unit and Department of Pathology, University 
o Edinburgh, Royal Infirmary of Edinburgh 

The CT scan of a 60-year-old man was performed and was 
reported as showing possible abnormalities in the frontal 
regions, and so an MR examination was ormed A sagittal 
T, image showed a mass lesion in the sp id sinus. The T, 
of this mass was close to that of matter (340 ms at 
0.08 T) Several other lesions were seen in both frontal 
areas It was noted that as well as having longer relaxation 
tumes relative to the primary site (sphenoid), the cerebral 
lesions also show varying relaxation times relatrve to one 
another. Unfortunately the patent deteriorated and soon died. 
The brain shees demonstrated the cal appearances of 
widespread melanoma The sections through brain stem 
show a large deposit which was only identifed in retrospect. 
This case demonstrates that some tumours have "short" 
relaxation times, that the relaxation times and, therefore, the 
MR appearances of the same tumour type can display wide 
variations, and that great care must be taken when analynng 
NMR images since some malignancies such as melanoma may 
have short relaxation times and be difficult to identify 


A SIMPLE RADIONUCLIDE TECHNIQUE POR LOCALISING 
INTRACEREBRAL LESIONS PRIOR TO NEUROSURGICAL OR 
COMPUTED TOMOGRAPHY GUIDED BIOPSY 


J. G. Wheeler, P. A. Smith, *R. B. Richardson and 
TH. B. Coakham 


Department of Nuclear Medicine, * Department of Medical 
Physics, and t Department of Neurosurgery, Frenchay Hospital, 
Bristol 


After a suspected intracerebral lesion has been confirmed by 
CT scanning, it may be necessary to assess its histology pror 
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to treatment using tissue samples obtained by burr-hole biopsy 
(BHB) or craniotomy Precise pnor location of lesions gives a 
high success rate in obtaining diagnostic tissue samples. 
Previous localisation techniques had certain disadvantages, 
often due to complexity We have developed a simple, accurate 
method using the radionuclide ?9Tc™. The patient is positioned 
under a gamma camera so that a true lateral view of the 
affected side of the head is obtained. The resultant mage is 
viewed on a persistence scope and a °’Co marker-pen used as a 
visual aid to locating the lesion. A small lead disc is taped to 
the patient's scalp at a gite corresponding to the lesion’s centre 
After ac anudaHne Bard cop) data with the disc mm situ, it is 
removed and ced by an indelible mark on the skin 
surface This is later used as a gude for BHB or 
placement of small craniotomy Two hundred patients have 
undergone this straightío localisation technique, which 
has increased the tive success rate at first attempt from 
88% overall (82% BHB) to around 95% (93% BHB). 


A SIMPLE TECHNIQUE FOR COMPUTED TOMOGRAPHY- 
GUIDED BRAIN BIOPSY 


A. J. Longstaff and *H. B. Coakham 


Departments of Radiol 


and * Neur ry, Frenchay 
Hospital, 1 LE 


utol BS16 


C pua tomography 1s well established as a technique for 
guidance in percutaneous biopsy of lesions in many 
organs, particularly ın the abdomen. We have evolved a simple 
nique for needle placement within the brain, for mopsy 
and cyst drainage Both t ues require either burr-hole or 
cramotomy for access thro the skull vault. The latter 
situation will pertain m the post-operative Poar but the 
majonty of subjects will require a burr hole, site for which 
can easily be established using the t ique described by 
Wheeler et al (this meeting) A scan is obtamed thro the 
"window" in the skull vault and the required depth and angle 
of needle penetration established using the software facilities 
on the scanner. 

The needle, or catheter over needle assembly, is then 
introduced and the tip position checked by a repeat scan The 
problem of artefact caused by the metallic needle can be 
overcome by using a plastic sheath, from which the stiffening 
stilette or needle can be withdrawn before the check scan 1s 
made. The biopsy needie may then be re-inserted down the 
sheath for sampling or aspiration. This can usually be done in 
ee oes dios ee ee 

folded down at the skin 
transit 

This umple and ra technique, which does not require 
complex and expensive stereotactic devices, has been used 
effectively and safely in biopsy and cyst drainage. Examples 
are given 


AN ASSESSMENT OF THE CONTRIBUTION OF DIFFERENT 
TYPES OF MAGNETIC RPSONANCE IMAGE IN THE 
REPORTING OF CLINICAL MAGNETIC RESONANCE IMAGES 
OF THE BRAIN 


D. M Kean, R. J. Sellar, M. A. Smith, 
R. H. B. Douglas and J. J. K. Best 


NMR Imaging Unit, University of Edinburgh, Royal Infirmary 
of Edinburgh 

Ma resonance images are influenced by several factors 

such as T densi 


p T, proton ity and flow. These factors alter 
signal intensity as does the pulse sequence used The final MR 
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image can sometimes be difficult to in particularly for 

an psp sao operator. One solution to problem may 

"standard" pulse sequence such as the 

TERQUE AE on-recovery employed on 

Royal Infirmary of Edinburgh. The four different types of 
Royal o 


image available on this system have been "scored" in 


Bone Radiology 
Chairman: Dr Myles McNulty 


course of an MR/CT comperison and it has been shown that 
the calculated T, was the most useful mage m making 
cinical diagnoses The proton density image had the best 
spatial resolution of the available mages a but provided less 
pathological information than the others However, it was 
useful in definin normal anatomy and showing areas of both 
short and long T. 


bad 


ir a a AM EE E. Watkins, D. J. Kelly, J A. Leendertz, H. S. Rigby and 
F..Goodshup 
Toon P E eR oe by Dr J E. Adams, Mr J. B. 


Carter and Professor P. H. Adams 


Companson between body calcium, hand- and spine-bone mineral in patients with asthma or rheumatic disease, by Dr P. Tothill, 
Dr J J. Nicoll, Dr D. W: Pye, Dr E. Law, Dr M. A. Smith, Dr Reid and G. Nuk 


THE APPLICATION OF PHOTON DENSITOMETRY TO 
FRACTURE HEALING 


P. E Watkins, D. J. Kelly, J A. Leendertz, H. S 
Rigby and A. E. Goodship 


Department of Anatomy, School of Vetermary Science, 
Unrversity of Bristol 


A technique of dual source photon densitometry ras] 
and !*'Am has been devel for the assessment of bone 
mineral content at the site of of experimental factures 
The experimental model is a mid-diaphyseel pee of the 
sheep's ubta stabilised by-use of an external fixation 
This allows accurate positioning and subsequent relocation of 
the fracture at the tame of scanning uential scans are 
performed at regular intervals over a period of 12 weeks, and 
at each examination multiple scans are performed in two 
planes at the fracture ste. is a statistically significant 
correlation (at 5%, Spearman rank correlation coefficient) 
bone mineral content at the healing fracture and post- 
mortem torsional The technique of photon 
densitometry has also been applied to the diagnosis and 
monitoring of ex tal oligotrophic non-union fractures 
m two species. Photon OUO! densitometry has been 
demonstrated to be a useful non-invasive technique for the 
assessment of bone muneral content at the site of healing 
fractures. Its application to clinical orthopaedics remains 
limited. both by geometry of chnical fractures and by the 
methods of treatment currently in use, few of which would 
facilitate application of this fechnugue 


EFFECTS OF VARIATION IN THE SIZE OF THE RBGION OF 
INTEREST ON THE ACCURACY OF COMPUTED 
TOMOGRAPHIC BONE DENSITOMETRY 


J. E. Adams, *J. B. Carter and tP. H. Adams 


Departments of Diagnostic Radiology, * Medical Biophysics and 
T Medicine, University of Manchester 


Vanous sizes and shapes of the region of interest have been 
used in studies of bone mineral measurement using quantita- 
tive CT. We have examined the influence of different sizes of 
the region of interest on the accuracy of CT measurement of 

trabecular bone mass in sites in the proximal and distal femur 
and m the lumbar spine. Cadaver lumbar vertebral bodies and 
femora were scanned on à GE 8800 CT scanner using a single- 


energy technique. Computed tomogra graphy attenugtion values 

were obtained for a central region of interest and the total 

trabecular bone area. The section scanned was excised and the 

a ition of the regions of interest measured by chemical 
ysis. 

The chemical composition and CT attenuation of the central 
regions were strongly correlated with those of the total areas 
from which they were derived The values for the central 
region were lower than those of the whole trabecular bone 
space. In the vertebrae there was a significant relation between 
mineral concentration and CT attenuation of the central area; 
no significant difference was found between the means of the 
predicted and measured mineral content at this site The mean 
predicted mineral concentrations of the total vertebral areas, 
and of the central and tota] areas of the femoral samples were 
all significantly less than those measured by chemical analysis. 
A small central region of interest provides the more accurate 
estimate of vertebral trabecular bone mass. A group of 42 
patents with miscellaneous metabolic bone disorders was 
examined, and similar significant relations were found between 
CT attenuation values of a central region of interest and the 
total trabecular bone space. 


COMPARISON BETWEEN TOTAL BODY CALCIUM, HAND- 
AND SPINE-BONE MINERAL IN PATIENTS WITH ASTHMA OR 
RHEUMATIC DISEASE 


P. Tothill, J. J. Nicoll, D. W. Pye, E Law, M. A. 
Smith, D. Reid and G. Nuki 


Departments of Medical Physics and Rheurnatology, University 
of Edmburgh 


Total body cakium measured by m mro neutron 
activation analysis, hand- bone mineral Mana photon 
absorptiometry, and spine-bone mineral dual photon 
absorptiometry in groups of patents with ahri Or & var 
of rheumatic some of whom had been treated wi 
corticosteroids. Results were compered with those predicted by 
equations derived by regression analysis Lm measurements 
on normal subjects, taking into account sex, and body size. 
i aed (e ihres miesrürementé Carte ted wel] when 
unnormalsed results were used. Correlation was much worse 
when the results were expressed as per cent of normal. It is not 
supe that bone loss consequent upon disease or treatment 
with corticosteroids may not be uniform throughout the 
skeleton The results throw light on the relative magnitude of 
appendicular, axial and whole-body bone mineral deficits in 
several diseases 
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The installation of a high-field NMR system for spectroscopy and imaging, by Dr M. O. Leach 3 

A comparison of signal-to-noise levels from several receiver coi! designs m NMR imaging, by Dr R- A. Lereki, Mr D. W. 
McRobbie, Mr K. Straughan, Mr S. Jennings and J. S. Orr 

Effect of electrical field couping as a limit on close-coupled coils, by M. Burl, L R. Young, A. S. Hail and P. C. Butson. 

A duaLfrequency NMR surface coil for proton imaging and ?'P spectroscopy, by Dr M. O. Leach, A. Hind, R. Sauter, H. 
Requardt and H. Weber, Sutton 

Imaging and integrity of the 2-D slice in MRI, by Dr D. W. McRobbie, Dr R. A. Lerski, Dr K Straughan, Dr P. Quilter, R. J. 
Willetts and J. S. Orr 

T, measurements from images either through recording tho full relaxation curve or from simple two-point techmques, by Mr K. 
Straughan, Mr P. M. Walker, Dr R. A. Lerski and Professor J. S Orr 

Precision 1n the measurement of relaxation times from the minimum number of NMR images, by Dr G. Johnson, Dr I. E. C. 
Ormerod, Dr P. S. Tofts, Mr D. MacManus and Dr D. Barnes 


Flow measurement using feid echoes, by Dr J. A. Payne, I. R Young, S. Khenia and Dr G. M. Bydder 


A technique for velocity imaging using MRI, by Mr J. P. Ridgway and Dr M. A. Smith 
Assesament of image quality in MRI, by Dr A. Todd-Pokropek, L Gordon and R. Jaszczak 


THE INSTALLATION Of A HIGH-FIELD NUCLEAR MAGNETIC 
RESONANCE SYSTEM POR SPECTROSCOPY AND IMAGING 


M. O. Leach 


Dena innt an ey en Institute of Cancer Research and The 
arsden Hospital, Sutton, Surrey 


A 2 T Magnetom NMR system has been installed at the Royal 
Marsden Hospital at Sutton, for research into the applications 
of NMR ın oncology. The installation of a sidera system cs 
a hospital site has presented a variety of pro 
in terms of ensuring that the environment nt dose not Ape the 
homo ty of the magnetic field and that the magnet does 
not affect neighbouring imaging and treatment equipment. 
Particular care has had to be taken in the location of structural 
steelwork and in avoküng mobil steel objects within the 
building Other important conmderations are the safety of 
trents and staff and the services. The magnet has 
housed in a new building, much of which is free of steel. 
The magnet is enclosed in an RF screened room and provision 
is made to vent externally any gases released should the 
magnet quench. a the magnet is expected to operate at 
a field strength of 1.5 


A COMPARISON OF SIGNAL-TO-NOISE LEVELS FROM 
SEVERAL RECEIVER COIL DESIGNS IN NUCLEAR MAGNETIC 
RESONANCE IMAGING 


R A. Lerski, D. W. McRobbie, K. Straughan, 
S Jennings and J S. Orr 


Department of Medical Physics, Royal Postgraduate Medical 
School, Hammersmith Hospital, TOR 


ee intrinsic signal-to-noise level. However, with low- 
care ale it possible to make substantial E through 
attention to coi design and matching to the pre- 
Mob . The present study used the method of ein et al 
) to investigate A ae the fundamental signal-to- 
is levels obtainab erent coil CREE and with 
matching adjustment it ied been confirmed t low-field 
resistive systems can compare favourably with medium-field 
superconducting systems if special coils and matching are 
utilised. 


REFERENCE 
EDELSTEIN, W A, BOTTOMLEY, P. A & PrrirER, L M , 1984. 
Medical Physics, 11, 180—185. 


EFFECT OF ELECTRICAL FIELD COUPLING AS A LIMIT ON 
CLOSE-COUPLED COILS 


M. Burl, "I. R. Young, *A. S. Hall and *P. C. Butson 


NMR Unit, Hammersmith Hospital, London and *GEC Hurst 
Research Centre, Wembley, Middlesex 


ARE Coie ANMR ain LEE ED SPUR OR Dy a 
receiver coils in NMR imaging has been reported now by à 
number of groups, with a perception that they can offset the 
row i a be Rd ratio with field, to a substantial degree. 
E O OE D ee e e 
unce the filling factor (or ratio of the volume of the voxel to 
ee ee dtqa 
the signal-to-noise ratio celeron ao” limited by the 
"EODEM 
paper reviews the theory of the coupling using a 
uu t adequate model, and notes the dependence of 
the capacitive loading on field (which means that coupling has 
to be fight at hi fields} Practical results are presented 
which mdicate the general utility of the model. As a result, it is 
poesible, in conjunction with a recently developed model for 
the inductive coupling between coil body, to reach a view 
as to the layout of t coils when the extra critenon of 
ficid homogencity is also introduced. 


A DUAL-FREQUENCY NUCLEAR MAGNETIC RESONANCE 
SURFACE COIL FOR PROTON IMAGING AND *!P 
SPECTROSCOPY 


M. O. Leach, *A. Hind, fR. Sauter, tH. Requardt 
and TH. Weber 


Vani a of Ph gos Institute of Cancer Research and Royal 
arsden Sutton, Surrey, *Siernens Lid, Sunbury-on- 
ren Hosp and t Siemens UB-Med, Erlangen, FRG 


A dual-frequency surface coil has been develo 
accurate localisation of small lesions prior to ?!P spectroscopy 
by measuring both a proton image and a phosphorus spectrum 


to enable 
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with the same coi]. The coil makes use of simulated quarter- 

wavelength transmission lines to ensure that the performance 
of the coi] at one frequency 1s not adversely affected by the 
tuning circuitry for the other page Pis unloaded 
coil is about at 63 MHz and 26 and, when ioaded 
the coil Q is 90 at 63 MHz and 140 at 26 MHz It 1s proposed 
that the coil be used in conjunction with methods of restricting 
the sensitive volume for spectroscopy and may also be used to 


alow the sensitivity of spectroscopic studies to be 
qua design of the coil is discussed and initial images 
and ?!P spectra are presented. 


IMAGING AND INTBGRITY OF THE TWO-DIMENSIONAL SLICE 
IN MAGNETIC RESONANCE IMAGING 


D. W McRobbie, R. A. Lerski, K. Straughan, 
P Quilter, R J. Willetts and J. S. Orr 


Medical Physics, Royal Postgradwate Medical 
, Hammersmith Hospital, Dordon 


Department o 


Integrity of the 2D slice is important in MRI because the 
characteristics of the slice strongly affect other performance 
features, namely, signal-to-noise ratio, spatial resolution and 
relaxation time contrast and measurement 

Assuming & Gaussian RF amplitude modulation, the slice 
profile has been calculated in the steady-state condition for 
T, values for saturation recovery (SR 
seq tal measurements were made on a 0.1 
60 cm-bore, resistive, y tic oo g em using & 
scanning sequence with a slice-select t (z) and a phase- 


encoding gradient, out The 2D FE on of the select 
Jud used for readout The EFT of 1 the collected echo 

t was applied. 
gual tween theory and 

NL. Mast ugh quantitative comparison was less 


Soe n Acknowledgment is made for the support of the 
the encouragement of J. L Williams 


T, MEASUREMENTS FROM IMAGES EITHER THROUGH 
RECORDING THE FULL RELAXATION CURVE OR FROM 
SIMPLE TWO-POINT TECHNIQUES 


K. Straughan, P. M. Walker, R. A. Lerski and 
J. S. Orr 


Departmen edical Physics, Royal Postgraduate Medical 
School Hammersmith Hospital, Landoi 


In clinical NMR maging there is t interest in the use of 
quantitatrve T, and T, values for tissue characterisation 
However, there is still considerable doubt about the most 
appropriate method of carrying out the measurements, given 
the constraint of limited ume in clinical practice 
The rut sly. vas designed to compar T, values 
ob from & bench-top NMR spectrometer and an NMR 
scanner. In the latter case, two methods were used: a simple 
two-point technique of the type often used in 
inethod. Test 
, values from 


nt data, which were only satisfactory over a rather limited 


range. 
"Acknowledgement is made for the support of the DHSS and 
the encouragement of J. L. Williams 


PRECISION IN THE MEASUREMENT OF RELAXATION TIMES 
FROM THE MINIMUM NUMBER OF NUCLEAR MAGNETIC 
RESONANCE IMAGES 


G. Johnson, I. E. C Ormerod, P. S. Tofts, 
D. MacManus and D. Barnes 


The National Hospital for Nervous Diseases, London 


If NMR relaxation time data are to yield useful pathological 
information it 1$ more important that the measurements 
should be precise (i e. a desduue error) than accurate (1e 
lacking systematic error) precision of a measurement 
determines its value in differentiating between different states. 
It 15 important to di between the umprecision inherent 
in a measurement and real variations in the measured value. 
We have investgated the im on of relaxation times 
derived from the minimum number of meges for the 
cakculation (three) Measurements were made on chante 
and the brains of norma! contro! subjects and patents 
examined in parallel and serial studies. Scans were performed 
on a 0 5 T Picker imager. All scans were multislice, so a 10 cm 
block of tissue could be examined in 30 min The standard 
deviation of bram tissue measurements was 7% for T, and 
12% for T,. This precision was sufficient to reveal a significant 
difference between the relaxation times of brain tissue in 
different locations, although this may be due to spatial 
variations in imager response of differences in volume 
effects. There was also a ngnificant difference white 
matter in normal controls and apperently unaffected white 
matter in multiple sclerosis patients 


FLOW MEASUREMENT USING FIELD BCHOES 


J. A Payne, I. R. Young, S. Khenia and 
*G. M. Bydder 


Hirst Research Centre, GEC Research Limited, Wembley, . 
Middlesex; *NMR Unit, Hammersmith Hospital, London 


Several groups have published work describan measure- 
ment of the velocity of flowing material eee 
ppropria 
attempted to derive al reali from is rm amps measurements, 
or “ume of flight” 

unsatisfactory since a iE of forSon of sles is 
difficult to contro] We describe methods field echoes to 
obtain phase encoding for flow (and having both magnitude 


and directional sengtrvity). ee eee 
compared for phase, the difference between them being in 
pin eid 


of a few tens o a E ee eal 
A variant o eta pete gy votes peor D = 
a umilar to a method described recen 

assachusetts General Hospital group. The aa Iu ene 
erm, the timing of data acquisition and echo formation 


n ee uM E 
charactenstc phase across it The two ues can 
be used, ir ned eee di ty in interpretation, at same 
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time, to give flow in two directions at once Clincal examples 
are given of the use of the methods. 


A TECHNIQUE FOR VELOCITY IMAGING USING MAGNETIC 
RESONANCE IMAGING 


J. P. Ridgway and M. A. Smith 
NMR Imaging Unit, SR of PATEN, Royal Infirmary 
0 


Much work has already been done on the effects of flowing 
blood and movement m MRI In addition, techniques have 
been developed in order to try and quantify velocities of 
flowing blood using phase information 
techniques are, however, iimited, firstly by 
t field non-uniformities and secondi 
m flowing blood In our technique, 
are overcome by subtracting two sets o 
with different velocity encoding This 
calor pe cea tren PS ta the 
slice selection gradient occurs. A field echo rather than a spin 
echo u used and so spin washout ıs not a significant cause of 
signal loss. As a result, high velocities perpendicular to the 
slice can be maged Images have been obtained from flow 
phantom studies, volunteers and patients demonstrating high- 
velocity flow to the maging slice in the range 
1-120 em a^ !. correlation was found with Doppler 
ultrasound measurements. 


by signal losses 
non-uniformities 
ee aoe iomatee 


Image Management 


Chairmax: Dr C. J. Taylor 


ASSESSMENT OF IMAGE QUALITY IN MAGNETIC RESONANCE. 
IMAGING 


A. Todd-Pokropek, *I. Gordon and {R. Jaszczak 


University College London, * Hospital Jor Sick Children, 
London and TDuke University, North Carolisa, USA 


Image quality in MRI is not ony important, but very difficult 
to assess A phantom designed for this pu has been tested 
and results obtained on nine different MR systems, ranging in 
field strength from 0.5 to 1.5 T The phantom comprises five 
main sections, which may be imaged simultaneously The 
resolution insert demonstrated considerable variations as a 


function of position. The slice-thickness insert enabled the slice 
profile to measured st vanous positions The ual- 
distortion insert gave little useful information. A set of bottles 


could be filled with vanous concentrations of doped water, and 
showed considerable variations in the accuracy of T, and T; 
estimation, compared with theoretical ctions. A uniform 
section enabled ies RF ormity to be assessed, 
with occasionall g results. Testing of systems using 
multi-echo and/or multi-sbce pulse sequences sometimes 
indicated problems not apparent with single echo/slice 
atone Intercomparison of results of systems from 

erent aes may be muskeading. However, made use 
ee oe to light problems, usuall 

fine adjustment" -of the system, w 
resulted in a loss of image quality in certain acquisition modes 
which otherwise were not readily a t. A detailed maging 
protocol for use with such a phantom 1s proposed 


Processing of CT data to remove artefacts associated with surgical clips, by Dr R. Norbury and D. Nicholas 

Investigation of applicability of digital proceeung to ultrasound mages, by Dr T. K. Hames, K. N. Humphries and M Nixon 
Miniaturisation 4 years on—the results of trials, practical project studies and the full application, by C. Redman 
Measurements of contrast detail detectability and information capacity of CT scanners, by Dr K Faulkner and Dr B. M. Moores 
Mammography and computer-assisted diagnosis, by Dr A G. Gale, E. J. Roebuck and Professor B. S. Worthington 
Automatic evaluation of dynamic radionuclide studies using principal components anslysis, by Dr K. S. Nijran and Dr D. C. 


Barber 


Utility of the early acquisition of data, by Dr I. R. Young, J. A. Payne, S. Khenia and G. M. Bydder 


Modahty interface and networking, by Mr R. Bader 


Data storage effiaency and information redundancy in digital images. An analysis and practical approach to improvements for 


clinical sites m CT, by Dr C. J. Moore 


A system for the production of flexible film image formats from a computer display, by Mr C. P. Wells and Dr P. J. Mountford 
A new display technique for CT scans based on histogram equalisation, by Mr P. F. Wankling and Dr J A. Newell 
3-D CT reformations in the assessment of congenital cramofacial anomabes, by Dr J. E. Gillespie, Professor I. Isherwood, Dr G. 


Barker, Dr C. Bannister and J. Lendrum 


PROCESSING OF COMPUTED TOMOGRAPHIC DATA TO 
REMOVE ARTEFACTS ASSOCIATED WITH SURGICAL CLIPS 
R. Norbury and D Nicholas 
Royal Marsden Hospital, Sutton, Surrey 
Patients who undergo for the excision of cancerous 
lesions are often refi or appraisal of later tumour 
regrowth As these patients y present with 


surgical clips inserted at the operation site, severe problems are 
caused when CT exammatons are performed nventional 


reconstruction techniques cannot adequately cope with the 
high electron density of these clips in companson with the 
density of surrounding tussuc. Furthermore, any slight 
movement of ibe clips dunng [65 Scanning rocess results in 
“streak” artefacts on the resulting mage 
these drtefacts in the reconstructed image restricts appraisal of 
the ste of interest and in many i revents the 
Techniques 
CT data prior to reconstruction are 

meth ibtd which, in many instances, 
can ipn or reduce to an acceptable level these unwanted 
“artefacts”. 
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INVESTIGATION OF APPLICABILITY OF DIGITAL PROCESSING 
TO ULTRASOUND IMAGES 


T. K. Hames, K. N. Humphries and "M. Nixon 


Department of Medical Physics, Southampton General Hospital 
and * Department of Electronics and Information Engmeering, 
niverzity of Southampton 


The concept of multimodality digital ima Seago of 
patient data is mpra Me ans 
encourages investigation of further | further processing of the informa- 
tion 1n an attempt to achieve improved extraction and lay 
of the significant diagnostic features of the examination. 
optimum processing will invariably differ for each modality. 
In duplex scanning of the peripheral circulation, the 
iy es information is a combination of real-trme B-mode 
Doppler ultrasound High quality non-invasive scans 
compart areas of abnormality (e.g. early arterial disease), 
le in accuracy to conventional X-ray techniques are 
ble. Some processing, e g. compression of the data, is 
available on most equipment, d more sophisticated tech- 
niques such as edge detection, MORI equalisation and 
contrast enhancement are presently g assessed off-line 
Realtime B-scan mages were obtained with a fee 
Ultrannager duplex scanner a probe operating freq 
of 5 MHZ. A videodigrtiner ca of 128 perl x 128 pixel by 
8-bit depth conversion was ir and these images were 
processed usin én the SAIDIE mage procos package which 


runs on a DEC PDP 11/23 

The plot that ordered manipulation of 
digi m camble and x a tentia]lly useful 
technique. AUOD] areas of use could improvement 


ue typing and ulcer detection by ultrasound, im addition 
to multimodahty overlaying of images for quantitative. and 


longitudinal comparison 


MINIATURISATION 4 YEARS ON: THE RESULTS OF TRIALS, 
PRACTICAL PROJBCT STUDIES, AND THE FULL 
APPLICATION 


C. Redman 
MISS Imaging, London 


The pe traces the development of the miniaturisation of 
archi radiographs and discusses new technology and 
equipment t troubles. Impact throughout all levels of 


the hospital, not just the radiology department, is considered, 
ao with quality control, m house or bureau, the role of the 

cost and value, and ethical considerations Interface 
ai development communication systems is covered. The 
papet concludes by recommending a general implementation 
po 


MEASUREMENTS OF CONTRAST DETAIL DETECTABILITY AND 
INFORMATION CAPACITY OF COMPUTED TOMOGRAPHY 
SCANNERS 


K. Faulkner and B. M. Moores 


Physics Department, Christie Hospital and Holt Radium 
Institute, Manchester 


A range of contrast detail detectability phantoms has been 
designed to assess the imaging performance of CT scanners 


Measurements have been made on a number of different 
machines and the results are presented The imaging 
performance of both the image reconstruction and post- 
processing filters has been mvestigated on one 
scanner. Meaurements were also made to look at energy 
dependence and the effect of additional filtration on contrast 
sea detectability 

Ele Sars to deduce the information capacity of CT scans 

contrast detail detectability curves. Results of these 

DM from a number of CT scanners are presented. The 
information capacities of CT scanners are compared with 
other maging systems such as film/screen combinations, image 
intensifiers and direct viewing fluoroscopy. Both contrast detail 
detectability and information capacity curves have a useful 
role in companng the imaging performance of CT scanners 
and other magng systems. 


MAMMOGRAPHY AND COMPUTER ASSISTED DIAGNOSIS 
A. G. Gale, E. J. Roebuck and B. S. Worthington 


Academic Department o Radio), Cure: s Medical Centre, 
Nottotg 


At present, some 2500-3000 a year are 
performed locally, and upon radiolo examination a 
number of these women are then sent for biopsy. Approx- 
mately half these patients have a benign lesion or are normal; 
Oe ee re eee ee . The former 
tents, therefore, are aen as requiring a 
, with consequent cost to the hospital's resources 
see nene re to ascertaining the need for a 
or follow-up through the use of a microcomputer which 
permis the radiologist to make a computer assisted diagnostic 
on 
We have found that the system results in ngnificantly fewer 
false pomtive diagnoses, which should reduce the number of 
unnecessary biopaies, while producing little vanation in correct 
diagnostic decisions for cancer, compared with normal 
mammographic reporting. This paper describes the system as 
well as its current clinical evaluation, and addresses some of 
the difficulties which anse in codifying image descriptors for 
use with the program. 


AUTOMATIC EVALUATION OF DYNAMIC RADIONUCLIDE 
STUDIES USING PRINCIPAL COMPONENTS ANALYSIS 


K. S. Nijran and D C. Barber 


Department of Medical Physics and Clinical Engineermg, 
Royal Hallamshire Hospital, Sheffield 


Quantitatrve assessment of many dynamuc radionuclide 
Investigations generally involves the computation of a 
time—activity curve (TAC) for the structure (organ) of interest 
This is widely ormed using the manual region-of-interest 
(ROI) method A TAC constructed from a ROI over the organ 
is corrected for activity attributed to structures underlying and 
overlapping that organ, Le. for background activity The 
background activity 1s estimated from a second ROI Problems 
associated with manual method are obvious. (1) The 
bre amr region selected may not be a true representation 
extra-organ activity (2) The method 1s operator- 
dependent, since the ROI has to be selected manually 
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A method termed the “intersection method” (IM) which 
uses principal components analysis, is presented bere as an 
alternative to the manual method The IM overcomes the 
major problems associated with the manual method The 
potential of the IM lies in that a priori physiological 
information is incorporated into the data processing, using 
suitable physiological models. No background correction is 
involved. The careful isolation ot an ia Irom ouer 
surrounding body structures by means of ROI 1s not required. 
The method 1s potentially operator-independent In effect, the 
analysis can be automated and 1s significantly faster than the 
manus! method The IM has been applied to dynam studies 
of the kidney and the liver with encouraging results 


UTILITY OF THE EARLY ACQUISITION OF DATA 


I. R. Young, J. A. Payne, S. Khenia and 
*G. M. Bydder 


Hirst Research Centre, GEC Research Linited, Wembley, 
Middlesex and * NM R Unit, Hammersmith Hospital, London 


The possibility of there being useful information in the rapidly 
decaying gnais of tissues with short T, (or tissues with a fast 
component) requires that sequences be adapted to acquire data 
as iub s ble. While some of the early back-projection 
meth owed data to be taken ediad ghee alice 
selection ing, this has proved to be difficult with two 
dimensional Founer transform methods. The earliest time after 
which a spin echo can be formed is perhaps 5-10 ms, and it is 
difficult to do better with a conventional echo However, 
it 15 possible to convert the system to be essentially a sin 
sided one, with echo formation immediately ad t to 
end of phase encoding By increasing gradient sizes the delay 
from the end of excitation can be reduced to below 5 ms. 
Signals from tissues such as cartilage are very well seen under 
such circumstances, and since the method can be used in 
conjunction with short tau inversion recovery (STIR) 
encoding, it is ible to cancel fat signals in tissues such as 
bone marrow, further to enhance contrast 


MODALITY INTERFACE AND NETWORKING 
R. Bader 
Royal Corporation, San Jose, California, USA 


The advent of digital modaltes has contnbuted to an 
information-explosion problem at most hospitals Imaging 
modalities present a significant cross-section of diagnosticall 
significant mages However, the i often cannot be fo 
Either the images are located away from the prime health-care 
site where the chnician cannot easly view them, or the history 
and images concerning a patient are located in the archives 
external to the hospital, w they are difficult to reach In 
addition to the difficulty in handling "e d bind recording 
of digital mages for off-line reading is di t. 

The ideal solution is to maintain the digital information in 
its maged form, rather than compromise dynamic range by 
apr uring the image on film. The need to train large numbers 
of radiologists through a technique called asa ena A or 
thro remote fellowships for radiologists in new tal 
m hear udis Du a DAY and Geils ol modem 
electronic equipment to move mages and digital data from 
piace to place, are exp ; 


DATA STORAGE EFFICIENCY AND INFORMATION 
REDUNDANCY IN DIGITAL IMAGES. AN ANALYSIS AND 
PRACTICAL APPROACH TO IMPROVEMENT FOR CLINICAL 
SITES IN COMPUTED TOMOGRAPHY 


C. J. Moore 


i ed Department of Medical Physics and Bioengineering, 
istie Hospital and Holt Raduen Institute, Manchester 


The increasing number of data generated by digital imagin 
devices makes it essential to find ways of reducing storage an 
improving access to archives. Currently, archiving is performed 
by storing all of the data in an image without ination 
Additionally, data continus to be stored so that they are suited 
to direct grey-scale display and observation, even though 
numencal processing can reduce the volume of data and 
produce data formats that are related to the medical 
information content of images. 

The results of an analysis of computed tomographic mage 
archives armed at improving data storage are ted It is 
shown that large vee of reconstruction data do not 
depict anato detail and are completely redundant. 
Therefore, they can be discarded prior to compression of the 
remaining data by a process of red uction. Unlike 
simple compression processes, such a reduction exploits the 
repetition of information typical of grey-scale images Some 
processing schemes have been suggested that yield apparently 
unpressive storage reductions However, these are 
t ues that introduce ble errors into the 
processed image data. Information 1s deliberately sacrificed to 
improve data reduction However, this 1s unacceptable for 
diagnostic p where error-free techniques are required in 
order to preserve the full information content of the original 


image. 

An error-free process using Huffman, or entropy, coding of 
the umage data ıs presented as a means of achieving efbaent 
data storage This technique utilises the statistical information 
found in images forming an individual clinical investiga- 
tion An extension of this approach is mtroduced which 
classifies an investigation as a member of one of several 
of mvestigation for specific clinical maging mites. or 
information concerning these stes is then to specify an 
efficient form of image data storage. 


A SYSTEM FOR THE PRODUCTION OF FLEXIBLE FILM IMAGE 
FORMATS FROM A COMPUTER DISPLAY 


C. P Wells and P. J. Mountford 


Department of Medical Physics, Kent & Canterbury Hospital, 
Canterbury, Kent 


An interface has been developed which allows clinical Vici 
graphs and text displayed on a video monitor to be reco 
on 8” x 10” de os under computer contro] Several of 
these images can be recorded on one film in different formats 
to form a single report, and these images can be presented in 
vanous sizes, even with overlap, without degradation These 
features do not appear to be available on commercial systems. 
An outline description of the interface is given together with 
filler. details of the prindiplee behind thoes dared Which 
oduce the high degree of flexibility of the The 
Rexibility 1s illustrated with some nuclear medicine studies The 
system has been designed such that with the minimum number 
of adjustments, the system may be used with nuclear medicine, 
CT, MRI or any imaging mati, which involves the use of a 
computer and a video display. 
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A NEW DISPLAY TECHNIQUE POR COMPUTED 
TOMOGRAPHIC SCANS BASED ON HISTOGRAM 
EQUALISATION 


P. F. Wankling and J. A. Newell 


Department of Medical Physics, Queen Elizabeth Medical 
Centre, Birmingham 


Computed roa qp scans are frequently reported from 
hard-copy film consequence of this is that much of the 
available information within the image data is not presented to 
one ts since it falls outside the limits of the window 
Vanous windowing and hist equahsation 
techniques for grey-scale assignment ha vo heen vestigated 
These were aimed at producing a CT mage which presented a 
wider range of CT numbers at a single window setting, without 
losing important low contrast This “overview” image 
may used, together with the normal mage, for osis. 
owing a comparison of these techniques, which have 
Pyle le diu IRR ota BE 
which histogram tracted from the original image. Thu gives 
tbe result ts then subtracted from the original 
PE E a a 
alg a fein Eco coU MMC aaa f 
large homogeneous areas that is achieved by histogram 
unn alone. The technique has bby fa pues qeu. on Ru 
E 8800 CT scanner, and a reasona 
achieved Its effectrveness is being idoli isnt, ME 
This technique will also have application in radiotherapy 


planning using CT data 


Gastrointestinal Radiology 


Chairman: Dr J. O. M. C. Craig 


THREE-DIMENSIONAL COMPUTED TOMOGRAPHIC REFORMA- 
TIONS IN THE ASSESSMENT OF CONGENITAL CRANIOFACIAL 
ANOMALIES 


J. E. Gillespie, I. Isherwood, *G. Barker, 
TC. Bannister and tJ. Lendrum 


Department of D tic Radiology, Stopford Building, 
University of M ter, * University Dental Hospital of 
Manchester and t Department of Newr Plastic 
Surgery, Booth Hall Children's Hospital, Manchester 


The radiological evaluation of congenital craniofacial 
anomahes has traditionally been made from the study ud 


Peg ee pclae nrg hy 
suffer from the disadvantage of position of bony 
structures. This is a j pro in the presence of 


asymmetric deformities. Accurate head positioning may also 
be difficult when dealing with infants or rative 
patients Computer software to facilitate the production of 
three-dimensional (3D) reformations from a senes of conven- 
tional CT shces is g used for the evaluation of such bone 
and soft-tissue abnormalities These reformations have the 
advantage of displaying anatomical structures in a conven- 
tional and easily assumilated format. Images can then be 
produced Rand es the reconstructed volume in multiple 
onentations without superimposition of structures. Distance 
between any spatial co-ordinates can be measured. 

Twenty examinations have been conducted in a protocol 
designed to assess the role of 3D CT reformations in the 
EROR of ital craniofacial abnormalities affecting 

ind edulis The results of this study and our 


dame oer 3D | Imaging are presented. 


techniques for parotid disease, by Mr M. Partridge, Mr J. D. Langdon, Dr S. Rankin and Dr A Borthwick-Clarke 
tion—three methods 


Diagnostic 
The evaluation of bowel prepara 


compared, by Dr S. Panditaratne and Dr A. H. Chapman 


The “bald” duodenum (loss of mucosal folds), by Dr T. Eyre and Dr J. P. Virjee 


Sigmoid vo 


on under radiological control, by Dr A. H. Chapman and Dr M. McNamara 


The accuracy of double-contrast barium enema in the evaluation of colonic strictures, by Dr C. Hamilton-Wood and Dr J. P. 


Virjee 
Ischaemic colitis—towards earlier detection, by Dr J. P. Vinee 
Relationship between j j 


and superior mesenteric blood flow following a sold meal, by Dr M. L Qamar, R. 


gastnc emptying 
Mountford, P. C. Jackson, Professor E Rhys Davies and A. E. Read 


Linear filling defects on cholangiography, by Dr D. Martin 


CT of the gallbladder wall, by Dr R. Whitehouse and Dr D. Martin 
DSA in treatment of hver malignancses by temporary intra-arterial microembolisation, by Dr E. Mangel, Dr R.-W. Kenn, Dr R. 


Huber, Dr B. Fibl-Eibesfeld and Dr K. J. Pfeifer 


In vitro echographic studies on colon and rectum, by Mr J. Beynon, Dr D. M. Foy, Dr L. N. Temple, Dr J. P. Viree and Mr 


N. J. McC. Mortensen 


Rectal bleeding—flexible sigmoidoscopy vs barium enema, by Dr A. Booth and Dr J. P. Virjee 
Per-rectal ultrasound in the staging of rectal cancer, by Mr J. Beynon, Dr A. Roe, Dr D. M. A. Foy, Dr L. N. Temple, Mr N. J. 


McC. Mortensen and Dr J. P. Virjee 


DIAGNOSTIC TECHNIQUES FOR PAROTID DISEASE 


M. Partridge, J. D. Langdon, S. Rankin and 
A. Borthwick-Clarke 


Kme’s College Hospital, London 


A vanety of conditions may present with swelling in or around 
the parotid gland. In most cases tbe clinical pattern is 
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sufficiently characteristic to allow diagnosis, Mob m special 


investigations may be necessary to distin between 
inflammatory and neoplastic disease Po dp d is well 
established as the investigation of choice for chronic 


inflammatory disease, autoimmune disease and duct obstruc- 
tion and may be performed as part of the routine assessment 
rae eel However, retrospective review has shown 


sialo unnecessary, as they seldom 
nicus uS dodo Wien tie oni of ihe NON a tt 
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doubt, salography is of only hmited value in det 
whether a lesion is intrinsic or extrinsic to the gland With ci 
the distinction between gland and adjacent soft tissue 

improved Pe a 
superficial. Computed tomography cannot predict reliably 
gnant, but may show spread 


whether a lesion is benign or 
DOE DK Se ee ee The role of 
ultrasound in parotid disease has yet to be fully established 
The technique appears to be quite sensitive in the detection of 


focal lesions Results of these investigations are presented 


THE EVALUATION OF BOWEL PREPARATION 
METHODS COMPARED 


S. Panditaratne and A H. Chapman 
St James's Universuy Hospital, Leeds 


Three methods of evaluating Pycolax (sodium picosulphate and 
magnesium oxide, Ferring Pharmaceuticals) as a 
tion were com One thousand and fifty 

attending for banum enema examinations were di Es ae 
three equal groups One group was questioned as to the 
effectiveness of the bowel preparation. The second group had a 
plain abdominal radiograph taken prior to the banum enema 
which was examined for the of faeces (Harned et al, 
1980) The third group was given 56 g (2 ounces) of banum to 
mix with water and drink pnor to tbe bowel preparation and s 
plain abdominal radiograph was again obtained before the 
examination in the hope that any residual faeces would be 
coated with banum rt, 1980) Failure to determine the 
status of the patient's bowel preperation occurred in 15% in 
Group 1 (questioned), 10% in Group 2 (plain radiograph) and 
13% in up 3 (berium, plain ee Picolax alone 
resulted in inadequate bowel preparation in 14% of patients. 
Giving bra pnor to the bowel Popo failed to 
improve a in grat te colon preparation. There 
was a 5% difecence between the lain-radio hac evaluation 
of the bowel preparation and that obtained by questioning the 
patient. The avoxdance of an unnecessary examunation was, 
therefore, achieved at a cost of 20 plain radiographs 
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THE '"BALD'" DUODENUM (LOSS OF MUCOSAL POLDS) 
T. Eyre and J. P. Virjee 
Department of Radiodiagnosis, Bristol Royal Infirmary 


The normal mucosal folds of the duodenal loop were absent in 
18 unselected patients referred for benum meals In conjuncion 
with other radiological features such as aa rd coating, 
pue metaplama, strictures, ulcers, lymphoid 
aoa andi the roca] Emm Intestinal a a d 
vancty of correct diagnoses was made. These included coeliac 
disease (with and without hrzstiocytic. lym pon) aor 


disease, duodenitis, Zollinger-Eliison and 
creatius. were all confirmed A PN or eina 
Such m detail can only be obtained routinely if a double- 


contrast hypotonic technique is used. Interestingly, im many 
cases endoscopy was used for confirmation, the 
macroscopic view was ummmpressive To prevent unnecessary 
repeat endoscopic examinations for biopsy specimens, it 


should be rouune practice to biopsy all "bald" duodenums 
irrespective of the endoscopist's optmion at the tune of the 
examination 


SIGMOID VOLVULUS. DECOMPRESSION UNDER 
RADIOLOGICAL CONTROL 


A. H. Chapman and M. McNamara 
St James's University Hospital, Leeds 


Five patients clmically and on plain-film radio- 
graphy of having a oid volvulus had the diagnosis 
confirmed by a water-soluble contrast enema. At the end of 
this examunation a flatus tube was safely passed under 
radiological gudane and the colon was successfully decom- 
pressed in five patients ee surgery to be Sogipcned 
until the patients’ general condition had im 
patients the colon spontaneously evolved wi 
were considered poor operative risks, 
discharged home with no further treatment. In these two 
ee is a nsk arr rger a bentur it = 
t jush to a t as were thought to 
unfit for x Edom surety. 


THE ACCURACY OF DOUBLE-CONTRAST BARIUM ENEMA IN 
THE EVALUATION OF COLONIC STRICTURPS 


C. Hamilton-Wood and J. P. Virjee 
Department of Radiodiagnosis, Bristol Royal Infirmary 


To assess the accuracy of double-contrast barium enema 
(DCBE) in defining the nature of & colonic stricture, 117 
patients with such a lenon shown on DCBE were followed up, 
and their subsequent findings at Se ee ony: 
EERE or autopsy where applicable, dg Hus 


tients, the incorrect or incomp ds Pe lesions 
13, SiL £0 -Gverall accürecy D 88.7%, carcinoma 
ation of 49 


bes the predominant cause. In the subpo 
patients o had been subsected to both DCB 
colonoscopy, no statistically significant difference was found in 
the accuracy of eather investigation in its ability to differentiate 
a benign from a malignant lesion, DCBE gave an a of 
92% and the colonoscopist’s visual accuracy at the time of the 
examination (e before PED of histology) was 88%. 
This latter figure was ag to 95.8% after utoisey, from 


biopsy or brushings, became 


ISCHAEMIC COLITIS: TOWARDS EARLIER DETECTION 
J. P. Virjee 
Department of Radiodiagnosis, Bristol Royal Infirmary 


Seven cases, clinically unsuspected of having ischaemic colitis, 
are used to demonstrate the changes 1n the colon prior to the 


development of classical ostic thumbprinting. All these 
patients had profuse rectal b g Over a very ort period, 
investigated by bamum enema. None re-bled and subsequent 


banum studies demonstrated a return to normality or the 
development of strictures or peeudodiverticula. The cases show 
that the sequence of events is mitial narrowing of the affected 
segment followed by ular mucosa in this affected 
ischaemia continues, localised 

and ulceration, and it is 
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affected t occurs that we reco the classical 
thumbprinting described in ischaemic colitis, To recognise 
these signs it is important to use a hypotonic agent or 
narrowing may be misconstrued as being due to temporary 
spasm. It ıs also essential to use a double-contrast que 
cupa edat uu a peas on of the mucosa 
is to uate and recate the early signs 
described. With this attention to. detail 10 A and 
evaluation of the mucosal chan it 15 possible to diagnose 
ischaemic colitis pror to thumbprinting and also to 
differentiate sschaemic changes from other causes of colitis and 
thumbprinting (ulcerative colitis, Crohn's disease, pneumatosis 
intestinalis, paracolic diverticular abscess, endometnoms and 
secondary deposits). 


RELATIONSHIP BETWEEN GASTRIC EMPTYING AND 
SUPERIOR MESENTERIC ARTERY BLOOD FLOW FOLLOWING 
A SOLID MEAL 


M. I Qamar, R. Mountford, P. Jackson, E. Rhys 
Davies and A. E. Read 


Departments A Medicine, Radiology and Medical Physics, 
ristol Royal Infirmary, Bristol 


or mesenteric artery blood flow 
(SM ABF) and induces different types of motor activities in the 
alimentary canal. The relationship between these two 
functional aspects in terms of the effect of gastric emptying on 
intestinal blood flow 1s still unclear The present study was 
dengned to investigate whether the post-prandial SMABF was 
related to the rate of gastric emptying 

Nine healthy male su were given a scrambled-egg solid 
meal labelled with °?Tc™-sulphur colloid Gastnc activity was 
recorded using a camera over a penod of 90 min 
Simultaneous measurements of SMABF were performed 
unzng a recently introduced transcutaneous Doppler ultra- 
sound method (Qamar et al, 1985) There was a mgmnificant 
positive correlation between the gastric emptying rate and 
post-prandial SMABF in ail i ee in the first 60 - 
RU minutes (r vaned from 08 to 098, p «005-0 

e average slope of all regression lines was within +2 SE of 
the slope, indicating that the correlation was smular in all 
subjects This co tion was lost when measurements were 
considered over the 90 post-prandial minutes These results 
indicate that a causal connection between gastric emptying and 
post-prandial intestinal blood flow is very unlikely and that 
gastric emptying does not play an important role (if any) in 
DNE posi-prandial superior mesenteric artery blood 

Ow 


Feeding increases the 
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LINEAR FILLING DEFECTS ON CHOLANGIOGRAPHY 
D Martin 
Department of Diagnostic Radiology, University of Manchester 


Filling defects seen on cholangiography are most commonly 
due to gallstones or malignant disease but are rarely of linear 
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form. A ve review of 140 cholangiograms demon- 
strated linear filling defects in 37 patients. These were classified 
as’ (1) admixture defects, where the linear lucency resulted 
from inadequate mixing of contrast medium and bil-duct 
contents, (2) mucosal, where focal mucosal abnormality was 
present, or (3)lumuna] Eighteen patents had admuxture 
defects These occurred in dilated or non-dilated ducis with or 
without concomitant stones or malignant disease. Admixture 
defects were usually seen dunng the early stages of bile-duct 
filling and were eamly recognisable. Further injection of 
contrast medium and radiographs demonstrated no consistent 
defect Mucosal filling defects occurred in 14 patients, most 
commonly with dilated ducts and common duct stone 
Mucosal defects occurred where a previously dilated duct was 
decompressed and collapsed, leaving redundant, longitudinal 
mucosal ndges or where a T-tube had previously been present. 
Luminal linear filling defects were present in five patients. In 
four the defect was due to gallstones and in one, due to a 
detached T-tube fragment Linear defects on cholangiography 
are common, most frequently resulting from inadequate 
mixing of bile and contrast medium but often representing 
mucosal or luminal abnormalities. 


COMPUTED TOMOGRAPHY OF THE GALLBLADDER WALL 
R. Whitehouse and D. Martin 
Department of Diagnostic, Radiology, University of Manchester 


Contrast enhancement of the normal gallbladder wall on CT 
has not been adequately studied. Normal bladder wali 
ttuckness on CT has been vanably stated as than | mm, 
2mm or 3mm In a retrospective study of 116 patients who 
underwent pre-contrast and dynamic sequential post-contrast 
CT examination of the abdomen, a group of 48 patients with 
no clinical evidence of biliary disease and a further 15 patients 
with chronic pancreatitis were examined The attenuation and 
thickness of the free gallbladder wall was measured before and 
afler contrast. In the clinically norma! tients, mean 
gallbladder wall attenuation pre-contrast was 25 HU and post- 
contrast 42 HU, with a thickness of 19+043 mm In 
patenis with chronic pancreatitis these values were 24 HU, 
44 HU and 2+054 mm, respectively. The enhancement is 
significant in both groups but there ıs no statistical difference 
in the pre- or post-attenuation characteristics, or thickness, of 
the gallbladder wall between normal patients and those with 
chronic pancreatitis We conclude that gallbladder wall 
enhancement on post-contrast CT is normal and remains 
normal in patients with chron pancreatitis Gallbladder wall 
thickness is unaltered in patients with chronic pancreatitis, a 
normal thickness being below 3 mm 


DIGITAL SUBTRACTION ANGIOGRAPHY IN TREATMENT OF 
LIVER MALIGNANCIES BY TEMPORARY INTRA-ARTERIAL 
MICROEMBOLISA TION 


E. Mangel, R. W. Kenn, R. Huber, B. Eibl-Fibesfeld 
and K J Pfeifer 


Ching gische Universitatsklinik Innenstadt, Depa tment of 
Radiology, Munich, West Germany 


Non-resectable malignant lesions in the liver have a poor 
prognosis. Systemic chemotherapy has little effect on tumour 
growth We use repeated, prolonged, DSA-controlled arterial 
microembolisation with enzymatically degradable starch 
microspheres alternating with hepatic artery infumon 
chemotherapy 
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After pre-operative angiographic locahsation of the liver 
vesecis an arterial access system (Port-A-Cath) is implanted 
subcutaneously. The prolonged microembolisation is per- 
formed via the implanted port, one embolisation cycle lasting 
140 min. To determine the number of microspheres needed for 
complete occlusion, repeated control angi «A y 15 necessary. 


Because of the low flow rate, a Digitron ) is used 
for this purpose. Thirteen patients thus treatment 
are now being obeerved for a longer period. Durmg the 


complete prolonged occlusion, pain and cardiopulmonary 
changes make intubaton narcoms and haemod 
monitoring obligatory. Apart from the embolization the 
therapy is on an outpatient basis. 


IN VITRO BCHOGRAPHIC STUDIES ON COLON AND RECTUM 
J. Beynon, *D. M. A. Foy, fL. N. Temple, 
tJ. P. Virjee and N. J. McC Mortensen 
Departments of Surgery, * Medical Physics, t Pathology and 
idi d Arati Bristol Royal Infirmary 
An of the ultrasonic mage sli hg 
microanatomy of the large bowel 1s essential ihe expanding 
flekd of endoluminal rectal ultrasound, The appearances 
normal rectum and colon have been studied In yuro to peer the 
m tion of invasion ın rectal cancer, 
graptuc studies have been ‘performed on 15 i: 
ee unng an ultrasound scanner ope ue 
i Kjaer. Denmark) with 5.5 MHz and 7.0 MHz 
rasducen, Ee distinct layers have been identified Ultra- 
obtained after sequentia] removal of the la of 
arcu oe een eee 
ngs yer rresponds to the m 
the second (echopoor) layer to idein Anm mucosae, the third 
(echogenic) layer to submucosa, the fourth (GRO O0) layer to 
muscularis propria, and the fifth (echogenic) layer to the 
»erosa/para-rectal fat. Occasionaly s thin, plete, 
echogenic layer has been observed separating the two parts of 
the muscularis pene layer in the rectum 
Definition of the ultrasonographic anatomy of the rectum 


has enabled accurate assessment of invasion pre-operatrvely in 
rectal tumours 


RECTAL BLEEDING: FLEXIBLE SIGMOIDOSCOPY VERSUS 
BARIUM ENEMA 


A. Booth and J. P. Virke 
Department of Radiociagnoss, Bristol Royal Infirmary 


The abslity to detect pathology by flexible sigmordoscopy 
(done by comm colon ts) and by double-contrast 
banum enemas (checked by a consultant) was com A 
total of 83 patients was studied, the ma feature 
being rectal Desine The pathologies subdivided i into polyps, 


diverticular disease, and inflammatory bowel 
disease. Of 26 patients with 


both i apri wane 
failed to detect five polyps. ologically only one of 
measured in excess of | cm, whereas of those not detected by 


endoscopy four were over | cm in diameter. S 


tures of hé gd were Unter, and hence mise with Uhe 
false positive strictures, presumably enter to 
intense persistent spasm, were also colonoscopicall 
Twelve carcinomas were demonstrated Sepatan i four-o of 
these not having been seen endoscopically. In eight cases of 
proctocolitis, one radiologically false negative and one 
endoscopically false F pn proctitis were den sel In 
addition, one case Crohn's disease was thought, endo- 
scopically before bxopey assessment, to be a carpeting villous 
tumour. 

The importance of & double-contrast banum enema, 

nfirmed. Reasons for the 

i posed in this study are discussed and the value of 
flexible sigmoidoscopy as opposed to rigid proctosigmoido- 
scopy, 18 questioned. 


PER-RECTAL ULTRASOUND IN THE STAGING OF RECTAL 
CANCER 


J. Beynon, A. Roe, *D. M. A. Foy, fL. N. Temple, 
N. J. McC. Mortensen and {J. P. Virjee 


dci d * Medical Physics, | Pathology and 
ogy, Bristol Royal Infirmary 


Local invasion and para-rectal lymph-node involvement in 
rectal cancer is currently assessed digital 


perience, 
Using an ultrasound scanner type 1846 (Bruel and Kjaer, 
Seating the effectiveness of endoluminal sonography in 
E invasion and yapi- -node involvement is being 
uated. Rotatmg 5.5 and 7.0 MHz transducers 
provide 360° scans of the rectum and -rectal tissues. 
Examinations have been perfo on 42 pmmary rectal 
cancers and results compared in 37 cases with histopatho- 
logical peer en in three cases with la tomy observa- 
tons. Local invasion was graded acco Dee 
clasnfication. Sonographically five cases were Tl, a 
T2, 25 cases T3 and four cases T4 The 
correlation between sonographic and  histopatho 
findings was 0.92 (P < 0001) Invasion beyond the m 
cted with a senmtrvity of 96% and specificity 
had a predictive value of 96%. Lymph-node 
involvement was predicted in 17 cases. Correlation with 
histopathology revealed the technique to have a sensitivity of 
92%, specail of 73%, and predictive value of 65%. 
Endol ultrasound staging of rectal cancer 1s more 
accurate than digital evaluation and its use pre-operatively aids 
the planning of subsequent treatment 


t cases 
t of 
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Pelvic Afterloading 


Chalrmasz: Professor C. A. Joslin 


High dose-rate brachytherapy using 59Co sources in the treatment of cancer of the uterine cervix, by Dr A. J. Subandono, Tj 


Kuipers, S. K. The and J. H. Meerwakit 
The radioblology of changes in dose-rate, by Dr R. G. Dale 


Pathology of the late effects in the bowel following pelvic afterloading, by Dr N. Carr, P. F. Schofield and B. R. Pullan 


Isodose calculations during afterloading, by Mrs S. E Batey 


Has afterloading improved radiation protection? by Dr C. H. Jones, A. M. Bidmeed and W. Anderson 
Should we encourage afterloading in developing countries? by Dr B. M. Hancock 
How can we adapt afterioading to other sites? by Mr E. Van't Hooft 


HIGH DOSE-RATE BRACHYTHERAPY USING COBALT-60 . 
SOURCES IN THE TREATMENT OF CANCER OF THE UTERINE 
CER VIX 


A. J. Subandono, Tj. Kuipers, S. K. The and J. H. 
Meerwaidt 


The Dr Damel den Hoed Cancer Centre and Rotterdam Radio- 
Therapeutic Institute, Rotterdam, The Netherlands 


With the presently applied method, external irradiation (23 
fractions of 2 Gy without central shielding) 13 followed by two 
intracavi deren 8.5 of high dose-rate brachytherapy 
(HDB), quy at point A. A thin metal chain 
inserted into the b A een for dosimetry than 
the belloon of a Fo catheter. The rectal anterior wall us 
visualised by means of a plug with metal markers. The small 
are filled with contrast medium. 


external irradiation combined with three a 
dose-rate brachytherapy (LDB) according to the Stockholm 
method. 

The corrected disease-free 5-year survival rates are given for 


HDB and LDB girar Pucca Stage 1 82*6, 80%; S II 74%, 
66%; Stage IH P^; Stage IV 20%, 20% 20 s, mnthout 
statistically significant diffi ods. Local 


Ra conn TEUN Hates are ao ee DEA ATE 
bowel complications were 6% with both methods, but 3.7% 
when HDB p Ma E Uo 
HDR machine instead of a Cathetron. Overall 
urological complications were 8% with LDB and wth 
HDB, but 0% in the last 31 standard method HDB Cathetron 
treatments as well as in the first 27 Selectron HDR patients. 
We conclude that HDB and LDB provide similar curative 
results. The lowest pK E rates were achieved with the 
standard HDB technique vane s Selectron HDR machine. 
The advantages of the short B application times are. a 
se e reliable dosmmetry; no long-lasting bed mdden isolation, 
bility of outpatient treatment. means a decrease 
rt the pa iienila peyelislo pail burden and reduction of the cost 
of treatment. 


THE RADIOBIOLOGY OF CHANGES IN DOSE-RATE 
R. G. Dale 
Charmg Cross Hospital, London 


The introduction of afterioading machines which can deliver 
treatments at very high dose-rates has necesmtated a 
reappraisal of conventional ideas relatmg to intracavitary 
dosage. The well known radiobiological models provide useful 

(Liversage, 1980) but, even if total doses are 
adjusted in order to avoid excessive normal tissue reactions, it 
is still possible for the therapeutic ratio to be less advantageous 


in the high dose-rate case A more recent method for 
radiation effects is by means ae the linear rag [s 
formulation (Fowler, e t of 

(Dale, 1985; led the LQ Port to be 


sublethal recovery rates between tresues, where 
known (Thames ct al, 1984) 
All LQ formulations include a (the a/f ratio) 


which 1s related to the vci type of mda of n effect under 
consideration. In princi it 1s possible to assess 
any treatment in terms of the differential radiation response 
between tissues. The model may thus be capeble of 
OVI new insights w comparing the effectiveness of 
bigh low dose-rate schedules 
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PATHOLOGY OF THE LATE EFFECTS IN THE BOWEL 
POLLOWING PELVIC AFTERLOADING 


N. D. Carr, *P. F. Schofield and tB. R. Pullan 


Department o Prsi Whitington Hospital, London, 
* Department of ithington Hospital, Manchester and 
tDepartment of Medical Biophysics, University of Manchester 


Occlusive changes in the small intramural blood vessels are 
commonly found at the sight of radiation bowel disease (RBD) 
(Berthrong & Fajardo, 1981) It has been suggested that these 
vascular lesions may obliterate the microvasculature of the 
bowel and lead to progressive ischaemia (De Cosse et ai, 
Vd debe eei e ee o microvascular studies 

in experimental animals to support this hypothesis (Eriksson 
er eee MD veHenciedien pauta Eee 

ear 

The microvasculature has been investigated in the normal 
bowel of 45 patients and in the bowel of 18 patients with ]ate 
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complications after pelvic radiotherapy administered. for 
carcinoma of the uterine cervix or bla Tissue samples 
from post-operatrve colectomy specimens in which the 
Intramural vasculature had been used with barium 
sulphate suspension (Micropaque, Nicholas Laboratories) 
immediately after surgical removal were examined Micro- 
radiography was used to study intramural vascular pattern 
which was abnormal in RBD Strictures were associated with a 
transmural reduction in vascularity, while areas of bowel 
adjacent to perforations, necrosis and fistulae exhibited zones 
of complete avascularity, affecting all or part of the wall An 
X-ray fluorescence system was used to estimate banum 
concentration and hence microvascular volume (Carr et al, 
1984) The irradiated. group showed a highly mgnificant 
reduction in barium concentration (P < 0 001) when compared 
with the control group. If either intracavitary or external 
radiotherapy alone was administered, a eve short 
segment of bowel displayed reduced microvascular volume 
More usually, combined intracavitary and external radio- 
therapy were used and the length of bowel involved was much 
greater. 

It : concluded that microvascular compromise is an 
important factor in the pathogenesis of human RBD 
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ISODOSE CALCULATIONS DURING AFTERLOADING 
S. E. Batey 


Department of Medical Physcs, Royal Sussex County 
Hospital, Brighton 


The advent of low dose-rate afterloading equipment and 
computerised treatment plannmg systems has made the 
production of indrvidual treatments for each patient 
theoretically possible. By supplementing conventional radio- 
graphs ath CT scan information, a suitable intracavitary 
treatment can be decided on the basis of the dose distnbution 
in rnportant anatomical structures. Combined intracavitary 
and external beam treatments can be similarly evaluated. 

In practice, such complete mdividualisation would be 

t to achieve due to constraints on time and resources, 

and standard source loading patterns and treatment times can 
be satisfactorily utilised for most patients Point doses or a 
complete distnbution may be calculated at any of the 
follo times: 
I E belare loading the applicators, 

2) during an insertion, 

3) between msertions; 

4) after the intracavitary treatment has been completed for 
reference purposes or for summating with external beam 
irradiation. 

The most appropriate procedure has to be decided for each 
patient and type of treatment 

In Brighton, a routine regime for the treatment of cancer of 
the cervix is three Selectron insertions followed by external 


beam irradiation. For this regime the following procedure has 
been adopted After each insertion, point bladder and rectal 
doses are calculated using orthogonal radiographs and 
subsequent insertions may be modified after consideration of 
these doses the intracavitary treatment has been 
completed, the total distribution. i supenmposed on 
appropnate CT sles and the posed external beam 
arrangement adjusted to obtam the best combined plan 


HAS AFTERLOADING IMPROVED RADIATION PROTECTION? 
C. H. Jones, A. M. Bidmead and W. Anderson 


Joint Department of MES Institute of Cancer Research and 
the Royal Marsden Hospital, London 


In recent years !"'Cs and other radionuclides have replaced 
radium as radiation sources for plenotberapy and endo 
techniques As a consequence it has become possible to 
develop more effective afierloading techniques to reduce 
exposure of personnel to ionising radiation Afterioadin 
techniques have been developed for intracavitary methods o 
treatment and also for implanting rigid or flexible interstitial 
radiation sources In this paper we consider the use of manual 
and low dose-rate automatic afterloading techniques that are 
being used for treatin DOR disease, with an 
eni ded on the use of ow dose-rate Selectron. Attention 
is paid to the changes in personnel exposure doses due to the 
introduction of afterloading as well as the poing and 
problems of these procedures and the cost of ther 
implementation 


SHOULD WE ENCOURAGE AFTERLOADING IN DEVELOPING 
COUNTRIES? 


B. M. Hancock 
Christie Hospual, Manchester 


In developing countries cancer causes only 3.7% of deaths, but 
of these cancers, carcinoma of the cervix is the commonest. 
Third-world doctors want to use the latest technology The 
medical and nursing staff want to reduce their own radiation 
doses, just as we do in the West Therefore remote afterloading 
might seem a reasonable buy for the Third World. 

ICRP requires that radiation exposure should be "as 
low as reasonably achievable” but the Commussion adds 
“economic and social factors being taken into account." In the 
Third World, economic and social factors are obviously vastly 
different from those in the West Not only are many countries 
extremely poor, but their pattern of disease is different from 
ours. Many people, especially children, die from conditions 
which could be prevented or cured with minimal expenditure 

The benefits of aflerloading are examined in relation to 
radiation protection The radiation rsk ıs small 
1.25x 107? Sv^! for induction of fatal cancers, and 
0 80x107? Sv~! for induction of hereditary effects At the 
Chnstie Hospital, when 400 cervix patients a year were treated 
with manually loaded radium and nursed in the open ward, the 
annual collective dose to staff was | [3 man-Sv. The cost of 
the Selectron afterioading system 1s £94 000 for one machine 
and 36 sources There are housing, staffing and maintenance 
costs as well. 

If a developmg country 18 interested in better health for all 
its le, rather than protecting staff from a small risk it 
would be better to spend the money on other projects. 
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HOW CAN WE ADAPT AFTERLOADING TO OTHER SITES? 
E. Van’t Hooft 
Nucletron, Leersum, The Netherlands 


Afterloading is known from the early part of this century, 
when pre-inserted celluloid tubes of the size of a clinical 
thermometer were used. It was then easy to introduce 
successfully a glass radium capsule to be inserted into each 
tube and retain it there as long as desired. Today we see that 
more sophisticated equipment is used remotely to transfer 
radioactive sources from a container into a pre-inserted tube or 


Radiotherapy Physics 


Chatrmam Mr T. J. Godden 


group of tubes, This does not only eliminate all the unwanted 
angerous exposure to hospital staff, but it also gives good 
control dunng the treatment, and automatic source return 
when time elapecs. With this new equipment called Selectron, 
not only is cervical cancer treated, using & low, medium or 


high dose-rate ue, but also breast rmmplants, rectal 
impants, head and implants, oesophagus, prostate, bile- 
duct, lung, bladder, etc have become technically feasible. 


Because of the accurate and local high doses which can now be 
ee ee ee 
Owetr a lication risks and provide well tolerated, low-cost 
palliation, have 


come within reach 


A comparison of dosemeters used for m nyo measurements during total-body irradiation, by Mr R J. Aukett 

Clinical experience with the Royal Marsden Hospital CT simulator applied to planning radiotherapy treatment for breast cancer, 
by S. Webb, M. O. Leach, R E. Bentley, K. Maureemootoo, M. A. Toms and J. Yarnold 

A comparison of measured and calculated dose distributions umng the Philips Oncology Support System, by Mr A K Morgan, 


Dr S C Klevenhagen and Mrs R. A. Lake 


Oblique reconstruction of CT scans, by Mr S. C. Bolton and Mr R. J. Aukett 

The placing of tissue compensators—on the shell or in the beam? by Mr M. Samarasekara and Dr F. R. Hudson 

An integrated shell system, by Mr R. J. Aukett, Mr S. C Bolton and Mr D. Yeomanson 

Current techniques in use at Mount Vernon Hospital for the preparation of surface applicators for radiation therapy, by Mr D. 


Hynd, Mr H. Lockwood and Dr F R. Hudson 


The commissioning of the Clinacomp compensator cutter for use with megavoltage photon beams up to 24 MV, by Miss C. S. 


Abbott and Mr T. J Godden 


The dengn of a maze entrance for a 24 MeV medical linear accelerator facility, by Dr A. Sherwin, Dr D. Gifford and Mr T. J. 
Godden 


A pantograph cutter for the preparation of photon shields, by Mr G R. Plant 


A COMPARISON OF DOSEMETERS USED FOR IN VIVO 
MEASUREMENTS DURING TOTAL-BODY IRRADIATION 


R. J. Aukett 


District Department of Medical Phyncs & Clinical 
Engineering, Leicester Royal Infirmary 


In total-body irradiation it 1s necessary to control the dose by 
direct measurements at a number of points on the surface of 
the patient. This contrasts greatly with the techniques used in 
other forms of radiotherapy Normally, semiconductor or 
thenmoluminescent dosemeters are used and considerable 
vaniation 13 often found between readings. The variation in 
sensitivity of these dosemeters has been measured for different 
irradiation conditions including depth, onentation, beam size 
The different are compared and techniques for 
their use are 


CLINICAL EXPERIENCE WITH THE ROYAL MARSDEN 
HOSPITAL COMPUTED TOMOGRAPHY SIMULATOR APPLIED 
TO PLANNING RADIOTHERAPY TREATMENT FOR BREAST 
CANCER 


S. Webb, M. O. Leach, R. E. Bentley, 
K. Maureemootoo, *M. A. Toms and *J. Yarnold 


Section o oe Physics and * Section of Radiotherapy, 
ancer Research and Royal Mardsen Wop 


A radiotherapy simulator has been modified to generate CT 
reconstructions suitable for radiotherapy treatment planning 


Institute of 
ital 


(Webb et al, 1985) The scanner has been demgned to provide a 
reconstructed field of view of 48 cm diameter and a minimum 
aperture of 75cm The scanner makes use of a unique 
position-sensitrve detector based on the use of a plastic 
scintillator (Webb etal, 1984, Leach etal, 1985) Dats 
collection, processing and reconstruction are accomplished 
entirely digitally. The role of the "CT simulator" in assisting 
the planning of post-operative radiotherapy as part of the 
conservative management of breast cancer is currently being 
assessed The breast is sectioned, in the treatment position, at 
three levels corresponding to the mid-plane and upper and 
lower borders of tangentially applied treatment fields. The 
study highlights the importance of the differences in patient 
contour interna] lung borders at these levels. The 
unphcations for dosimetry are discussed together with an 
assessment of the relat of lung inhomogeneity correc- 
tions. An earlier clinical stud ebb et al, 1985) demon- 
strated adequate image q from this scanner; 
importance of the current Er pm in our conclusive evidence 
that planning without multiple level CT obtained in the 
treatment position can have implications for local control, 
pulmonary damage and cosmesis 
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A COMPARISON OF MEASURED AND CALCULATED DOSE 
DISTRIBUTIONS USING THE PHILIPS ONCOLOGY SUPPORT 
SYSTEM 


A. K. Morgan, S. C Klevenhagen and R. A. Lake 
Department of Medical Physics, The London Hospital 


The Philips Oncology Support System (OSS) uses a three- 
dimensional projective beam inally developed by 
Van de Geyn, to calculate photon dose 
These distributions can be for planes in any ornxntation, 
making the system ideal for examining dose distributions in 
planes other than the central plane beam model makes 
storage of complete off-axis dose distributions unnecessary, as 
only central axis percentage d Dee ee rp aat 

ot open square are 


required. For wedged fields, o s physical dimensions of 

the calculates the attenuation 
through the wedges and modifies the open-field data This 
paper presents the results of a comparison of calculated dose 
distributions with distributions measured in a water phantom. 
In particular, ee ee eee 
three-dumensional distribution has been studied The OSS uses 
an equivalent-path- ign method, in conjunction with the 
projective beam model, to correct for inhomogeneities. In view 
of aig gens usc o of CT data for treatment planning, the 
accuracy of this method has been assessed by further 


OBLIQUE RECONSTRUCTION OF COMPUTED TOMOGRAPHIC 
SCANS 


S. C. Bolton and R. J. Aukett 


District Department of Medical Phyncs & Clinical 
Engineering, Leicester Royal Infirmary 


In radiotherapy planning, it is frequently necessary to use CT 
views which are oblique to the planes in which Scan was 
onginally made. This may occur either because the machine is 
unable to scan at the angle required, or because the angle has 
been changed during the course of planning A program has 
been written which reconstructs the CT view in a plane at an 
arbitrary angle to a series of CT slices Three alternative 
algonthms have been used for the interpolation required in 
between the slices The results obtained are shown and are 
compared with views obtained directly 


THE PLACING OF TISSUE COMPENSATORS: ON THE SHELL 
OR IN THE BEAM? 


M. Samarasekara and F. R. Hudson 


Physics Department, Mount Vernon Hospital, Northwood, 
Middlesex 


The factors affecting the placing of tussue compensators on the 
shell or in the beam are analysed for low energy beams such as 
250 kV and for megavoltage beams. The principal factors to be 
considered are the mportance of skin spanng effects, the 
choice of compensator material, the accuracy of compensation 
achieved, and the ease and cost of preparation. Examples of 
both approaches to compensator preparation are presented 
showing the advantages and disadvantages of each technique 
Data are presented to enable the thickness of lead ada. for 
compensator construction to be decided for megavoita 

beams The problem of correction for tissue mhomogeneity 1s 
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discussed and examples of venficahon experments are 
analysed. 


AN INTBGRATED SHELL SYSTEM 
R. J. Aukett, S. C. Bolton and D. Yeomanson 


District. Department of Medical Physics & Clinical 
Engineering, Leicester Royal Infirmary 


In radiothera herapy of the head and neck it 1s desirable to obtain 
as much nty as possible between the planning CT scan, 
simulation and treatment of a patient A system is bed in 
which the same shell has successfully been used at all these 
stages. A means of holding the shell been designed which 
can be used with minimal modification on all machines, 
IU UE T ce ndi ane, REFS OU SAB ot 
p ng. 


CURRENT TECHNIQUES IN USE AT MOUNT VERNON 
HOSPITAL POR THE PREPARATION OF SURFACE 
APPLICATORS POR RADIATION THERAPY 


D. Hynd, *H. Lockwood and F. R. Hudson 


Physics gii ii and * Department of Oral Surgery, Mount 
Vernon Hospital, Nort , Middlesex 


A regular flow of patients at Mount Vernon Hospital, 23 m 
1984, has been assigned to treatment with surface applicators. 
These patients may be grouped into those with external skin 
lesions (17) and those with intraoral lemons (6). Techmques for 


examples or a range of typical treatment sites 
External a tors are now p ugsng thermoplastic 
material provides an efficient effectrve method for 


positive localisation. The technique permits the effective 
afterloading of the activity to minimise the exposure to the 
staff Intraoral a tors bave been p by the 
Department of urgery, unng acrylic apphcators made up 
to the form of dentures. iD often provide a 
means for the treatment of difficult, sites with the 
minimum tissue volume raised to high dose levels. 


THE COMMISSIONING OF THE CLINACOMP COMPENSATOR 
CUTTER FOR USE WITH MBGAVOLTAGH PHOTON BEAMS UP 
TO 24 Mv 


C. S. Abbott and T. J. Godden 


Department of Medical Phyncs, Bristol Radiotherapy and 
Oncology Centre 


The use of compensators in radiothera 

The Clinacomp compensator Cutter has vicus eae ea to 
facilitate the construction of compensators a low melting 
point kad alloy poured into a Styrofoam mould. This mould 14 
shaped to the patient’s contour by moving a stylus over the 
treatment area A senes of simultaneous 
reduces and transfers the contour information to a small 
which cuts the Styrofoam to shape. The reduction ratio is 
determined for each photon energy, fleld size and depth of 
dose calculation plane. The results of a study of the effects of 
compensators on the radiation distribution at different depths 
in tissue are presented together with details of their possible 
use over the photon energy range from $"Co photons to 
24 MV photons 
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THE DESIGN OF A MAZE ENTRANCE POR A 24 MEV 
MEDICAL LINEAR ACCELERATOR FACILITY 


D. Gifford, T. J. Godden and *A. Sherwin 


Bristol and Weston Health Authority and * National 
Radiological Protection Board, Chilton, Didcot, Oxfordshire 


The installation of a 24 MeV linear accelerator in a treatment 
room previously housing a 35 MeV  betatron uired 
modifications to be carned out to cater for new 
geometry, increased photon yield and adventtious neutron 
production Although the neutron yield of & 35 MeV betatron 
operated in the on mode does not require specific 
provision for neutron attenuation, both the different design of 
the electron accelerating system and the different operating 
mode intended for the installation under consideration were 
likely to give mse to neutron levels which would require the 
Lid of appropriate pro ables ee er 
ton barners required to uce degree o 
attenuation are likely to be sufficient (ot ihe the purposes of 
protection against neutrons, in the case of sumilar installations 
elsewhere the escape of neutrons down the maze into the 
control area has been reduced to the appropriate levels by the 
provision of a door weighing several tons. The provision of 
such a barner presents considerable problems both of a 
practical and of a peychologeal nature, and inthe prosent eae 
was decided to attempt to reduce the neutron flux at the 
niase cnirance by ihe appucalion (2 tle Ki Tce of tie laze ol 
a special shielding material (Premadex) initially developed by 


Lung Radiology Update 
Chairman: Dr P. R. Goddard 


The imaging of hzemoptysis, by Dr B. Strickland 


the NRPB, the design considerations being established by 
means of Monte Carlo calculation. Preliminary measurements 
have mdicated the satisfactory nature of this approach. 


A PANTOGRAPH CUTTER FOR THE PREPARATION OF 
PHOTON SHUELDS 


G. R. Plant 
Department of Medical Physics, General Hospital, Nottingham 


A new hot wire cutter and casting technique for the 
ig rain delen ei sudes bs rie adiri. 

been developed The equipment improves the standard of 
accuracy and range of Ei aepierts of machine-mounted 


arrangement produced more accurate moulds due to 
cutting wire tenmon and ease of tracing movement. 
, the unwieldiness of more conventional types of cutter has 
been overcome. The unit is mounted on a bench 


may be 
customised for treatments at any gantry angle and the finished 
trays are between the three linear accelerators 
m the department. 


CT as a quantitative method for assessing radiation injury to the mouse lung, by Dr D Nicholas and Dr J. D. Down 
Diagnostic imaging of post-irradiation changes in the chest, by Dr J. Bell, J. A. Bullimore, Professor E Rhys Davies, J. Hill and 


Dr P. R. Goddard 


Dengue haemorrhagic fever in the differential diagnosis of petural effusion, by Dr G. Harverson 
Pteural effusion causing unmatched ventilation defects in ventilation/perfusion scanning, by Dr P. R. Goddard, Dr J. Henson and 


Professor E. Rhys Davies 


THE IMAGING OF HAEMOPTYSIS 
B. Strickland 
Brompton Hospital, London 


In the investigation of haemoptysis, a careful hustory and 
examination are essential. Bleeding from the upper airways 
(nose, gums etc.) must be excluded. The most mportant initial 
investigation is radiography of the chest A PA film alone is 
inadequate. Two high k or three standard radiographs 
are required. Where the chest radiograph is normal, fibre-optic 
ou Ua KI M ROET E oe ee 
vos bronchography should be considered vis the 

ANCHO dps d E PORE Valor 


but a pon ventilation 
on scan p eine Tomo 
negecied where CT 1s available ibe Ira i» quid 
of mvestigation with considerable value. 
mputed tomography us invaluable if used in a deductive 
manner. V Fach scan qus be tailored to tbe individual blem 


Narrow section scans with a special algorithm, possibly with 
the patient prone or in lateral decubitus, may be required Full 


is often 
form 
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inspiration radiographs and a wide window setting are 
essentiae], Pulmonary angiography is rarely of value in 
pulmonary infarction. its use lies in demonstrating vascular 
malformations Bilateral] bronchography is still occasionally 
required, but bronchial arteri phy is indicated only where 
therapeutic embohsation 1s to Digital subtrac- 
tion angio graphy 1s disappointing in cases of pulmonary 
disease and has little to offer at the moment. 


COMPUTED TOMOGRAPHY AS A QUANTITATIVE METHOD 
FOR ASSESSING RADIATION INJURY TO THE MOUSE LUNG 


D. Nicholas and J. D. Down 


Royal Marsden Hospital and jte gd Als Research Unit, 
Institute of Cancer Research 


Computed tomography was performed on the lungs of CBA 
and CS7Bl mice at varying time intervals after 13 Gy and 
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16 Gy irradiation. to the whole thorax With careful 
consideration of artefacts associated with lung cross-sectional 
area and breathing rate, the mean density of the lung was 
evaluated in Hounsfield units (CT number) In CBA mice, this 
rameter showed a biphasic increase in lung density with time 
rom irradiation, corresponding to an early phase of radiation 
pone and a late phase dominated b pleural effusions 
uced lung volumes were also seen dunng the Iste response 
and lung compression due to accumulations of pleural fluid is 
considered a major factor in these observations C57B] mice 
did not develop radiation pneumonitis but appeared to be 
equally responsive to later radiation-induced increases in lung 
density The results obtained from CT-denved densitometry 
compared well with measurements gained from functional and 
survival endpoints Computed tomography provides a sengtive 
and informative technique for assessing the extent of radiation 
jury to the mouse lung and is potentially useful for 
quantifying the counterpart in patients 


DIAGNOSTIC IMAGING OF POST-IRRADIATION CHANGES IN 
THE CHEST 


J. Bell, J. A. Bullumore, E. Rhys Davies, J. Hill and 
P. R. Goddard 


Department of Radiodiagnoss, Bristol Royal Infirmary 


The chest radiographs and CT scans of 20 patients who had 
undergone thoracic irradiation were reviewed A further 19 
patients undergoing irradiation. of the thorax were studied 
ively with ventilation-perfusion i scanning with 

single-photon emission computed tomography (SP , in 
addition to plain radiography and CT 

Computed tomography was shown to be more sensitive than 
pau radiography ın detecting post-irradiation changes in the 
ung In some cases it 1s also more specific, showing areas of 
pulmonary opacification to have a straight edge corresponding 
to the edge of the irradiation field, such an edge is invisible on 
plain radiography owing to its obliquty Shnnkage of 
pulmonary vessels in areas outside the irradiation field 1s also 
seen. 
Ventilation-perfusion scanning shows that defects occur in 
lung perfusion which may be partially matched by ventilation 
defects. Defects occur both within the orginal irradiation field 
and outside it. mn a of the perfusion scans by SPECT 
shows the defects with a much Por sensitivity than planner 
scans. Those defects in the irra Hon Geld are michel by CT 
opacification; those outside the fiekd may be matched by areas 
of vessel shrinkage Perfusion defects outside the irradiation 
field appear to be related to irradiation of the hilum 


DENGUE HAEMORRHAGIC FEVER IN THE DIFFERENTIAL 
DIAGNOSIS OF PLEURAL EFFUSION 


G Harverson 


Department of Radiodiagnosis, Bristol Royal Infirmary 


Dengue haemorrhagic fever is a mosquito-borne, viral 
infection of childhood characterised by ia, followed after 
a few days by severe shock and seins c manifestations 
The child presents with cold extremities and listlessness after 
3-6 days’ pyrexial illness. Epestaxis, vomiting of altered blood, 
or presence of blood in stools or urine may be rted. 
Petechial skin haemorrhages, tomegaly, tachyca and 
low pulse pressure are fo on ¢xXamunation Marked 
thrombocytopenia s invanably present, and a 20% mse in 
haematocrit level is usual Bilateral] pleural effusions were 
observed in eight children with haemorrhagic fever in central 
Thailand These were related to increased capillary 
bility, intravenous fluid therapy, and intrapleural 
orrhage. No cardiac or pomon y abnormality was 
present. Spontaneous clearing followed clinical recovery. 
Dengue hacmorrhagic fever 1s an important cause of 
bilateral pleural effusions with an otherwise normal chest 
radiograph in South East Asia This diagnosis should be 
considered in febrile children recently resident in the Far East. 


PLEURAL EFFUSION CAUSING UNMATCHED VENTILATION 
DEFECTS IN VENTILATION/PERFUSION SCANNING 


P. R. Goddard, J. Henson, E. Rhys Davies 


Department of Radiodiagnosis, Bristol Royal Infirmary 


In a review of 100 consecutive patients who had ventila- 
tio usion scans, 20 had pleural effusion or thickening 
visible on their plain chest radiographs Defects of ventilation 
not matched by perfusion occurred in 13 of the 20. This mgn 
was not observed when the basal opacfication was due to 
pleural thickening and it 1s believed to be due to the mobility 
of pleural fluid and the procedure used for imaging. 

nyection of Tc-la microspheres was given with the 


patient supine In this ition a mobile effumon hes 
[osos Aa PE on ows binding of microspheres in the 
as well as in the remainder of the lungs except 


posteriorly Imaging using the gamma camera 1s carried out in 
the erect position when the t effumon prevents 
adequate ventilation This results in a ventilation/perfusion 
mismatch since the microspheres producing the perfusion 
image had of course already been fixed. It is important to 
understand the effects of a pleural effusion on ventila- 
tion/perfusion scanning in order that a correct interpretation 
can be made. The presence of an effusion on the plain chest 
radiograph will provide an explanation for an unmatched 
ventilation defect at the same base and other diagnoses such as 
infection and infarction do not need to be invoked. 
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Digital Radiology Physics 


Chalrmar Mr J. A. Garrett 


Digital greyscale fluorography, by Dr R. C. Fowler, Dr G. Bonsor and Dr D. J. Lintott 
Dual energy radiography, by Miss M. Arnold and Mr N. E. Tomlinson 
Evaluation of the processing functions of DSA image processors, by Mr K. P. Maher, Dr J. F. Malone, Dr G. D Hurley and Dr 


D P.M 


cIneroey 
DSA-—s new method for the physical assessment of imaging performance, by Dr N. E. Tomlinson, C. A. Greatorex and C. K. 


Battye 


DIGITAL GREYSCALE FLUOROGRAPHY 
'R. C. Fowler, G. Bonsor and D. J. Lintott 
Department of Radiology, General Infirmary at Leeds 
Further evaluation of GUI Ric ae Leela i dence. Diptal preycale (DGF) at 


the General Infirmary 
rie te a bed technique for 


Miu uà 
results were presented at Radiolo 
'85. Evidence to demonstrate the wide chnical versatility of 


system 5 now presented with examples of a of 
radiological examinations including contrast studies 
facikty of and immediate image manipulation results in a 
system. of wide latitude combined with 


results of a comparative 
assessment of DGF images and conventional EIE are 


presented. In thus study, umng a chest phantom, relative 
icuity of simulated onary is assessed and 
the implications di 


An additional application of the technique is ca digi 
scale angiography, which produces non-subtracted 
aniograpat Images with the senio potcnHA for 

enhancement. This development may removo the need for 
a conventional camera or film changer as a "beck-up" on a 
digital subtraction angiography unit 


DUAL ENERGY RADIOGRAPHY 
M. Arnold and N. E. Tomlinson 
Guy’s Hospital, London 


Dual energy techniques in digital subtraction fluorography are 
api s interest, because they enable the “soft-tissue” 

and "bone" components of an image to be represented 
separately Soft tissue as umaged by a lower kV exposure can 
be digitally removed from a higher kV image as part of hybnd 
subtraction. Such sophisticated techniques require an 
expensive, raped kV switching generator and powerful 
computer facilities. 

In general radiography, ee may be aimed at imaging 
Eu low p ee eet d 
at magn ntrast structures using pam 
energies ced hu of exposing a radiograph using two 
energies is that it should be posmble simultaneously to include 
enhanced soft-tissue information not normally represented in 
the image The principle is being experimentally applied to 
ie radiographs of peripheral joints using X-ray tubes 

effective focal spot sizes of 0.1 mm down to 5 um. The 
renlling images display high detail resolution in patients 
suffering from various rheumatological conditions Asr 
toid diseases involve the soft tissues, especially cartilage, the 
soft-ussue visualisation of these radiographs, once enhanced, 


may contribute additional information with respect to the 
progress of the disease. This enhancement is achieved in two 
ways’ firstly, the extra low-energy component in the X-ray 
spectra used means the beam ıs more heavily attenuated 
soft-tissue structures and greater o contrast is genera 
secondly, this object contrast is ted by using a 
film/screen combination which 1s sensitive to low energies and 
gd a nk le erat a Le M baer 

The diagnostic benefit of this extra image 
pooh seme has yet to be explored. Once Tp 
dead ia has been optimised technically, it will then 

ote. CEU trials A present (he tase favour 

areas for 1ts use would appear to be rheumatology, the eu ciui 
of certain types of tumour, and possibly 
examinations 


EVALUATION OF THE PROCESSING FUNCTIONS OF DIGITAL 
SUBTRACTION ANGIOGRAPHY DMAGE PROCESSORS 


K. P. Maher, J. F. Malone, G. D. Hurley and D. P. 
McInerney 


Department of Medical Physics & B 
Department of Radiology, KAn aad 
re 


ring and 
ospitals, Dublin, 


A number of DSA systems are now commercially 
available Evaluations of such systems have concentrated on 
parameters which include spatial resolution, contrast 
sensitivity and noise pro m addition to components 


such as the X-ray tube, image intensifier and video camera. 
However, evaluations of ma functions 
provided DSA nuage processors have not widel 
reported. of system evaluation w add 


Processing wae unc) be evaluated through NE 


Si ea iur of processed images with images 
ipsun real arithmetic. On the 
said 


algorithms ia in an 
image processor e actual erred Results f for one system tested 
by this method 


indicate that processing functions are 
at variance with the manufacturer's penis 
SA 


oue for both processing and analysing 
of 


and for acceptance-testimg procedures systems are 
discussed. 


DIGITAL SUBTRACTION ANGIOGRAPHY, A NEW METHOD 
POR THE PHYSICAL ASSESSMENT OF IMAGING 
PERFORMANCE 


N. E. Tomlinson, C. A. Greatorex and C. K. Battye 


Department of Clinical Physics and Bioengineering, Guy's 
Hospital, London 


A phantom and test o system has been devised for the 
rapid subjectrve and objective assessment of imaging per- 
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formance obtained from modern commercially available DSA 
ee er ag let uoi E S ges 
ter phantom which carries interchangeable test 
Sect at a fixed depth "E to the epe input 
surface. The device measures the following image 
under conditions smilar to those encountered in the 
use of the maging apparatus: 
i) object contrast der accommodated within image data; 
minimum perceptible object contrast; 
w) minrmum perceptible detail (contras spatial resolution); 
1v) effective spatial resolution, 


Light Transmission 


Chairman: Dr P. H. S. Swith 


minimum detectable iodine concentration, 


j digital PE and dynamic range; 
vii) nature and extent of non-movement misregistration 


imaging 
four DSA systems tested to date. These are all cardiac capable, 
Le. pend eee ee a ee 
§127x 10 matrix, state-of-the-art devices. Results are 
given for modern cine-fluorographic maging systems in order 
to allow comparison 


Transillumination—the characternstics and imaging properties of near infra-red radiation in tissue, by Mr H. Key, Mr J. Dykes, 


Dr B. L, Reece and Dr P. J. Roberts 


The development of a system for computed transillumination tomography, by Dr P. C. Jackson, Mr J. M. Evans, Mr D. N. 
Ford, Mr D. Kear, Dr R. Skidmore, Mr J. H. Smith, Mr P. H. Stevens and Dr P. N. T. Wells 


TRANSILLUMINATION: THE CHARACTERISTICS AND 
IMAGING PROPERTIES OF NEAR INFRA-RED RADIATION IN 
TISSUE 


H. Key, J. Dykes, B. L. Reece and P. J. Roberts 
Queen Elizabeth Medical Centre, Birmingham 


oe qu AE p by tranziliumination ma te 
developed, there need tor greater understanding of the 


transmission and scattering characteristics of visible 
and near infra-red radiation in tissue, This presentation 1s of 
measurements made in the near infra-red wavelength band 
0.85—2.2 um. Samples of blood at various hacmatocrits and 
dilutions in water, skeletal muscle, adipose tissue, liver, and 
bone have been studied.-It was found that the spectral form is 


cuu Mp Er e Mc nom Drame dud 
at about l.l um, 
npe Md Tete Bud Buidence was obtained which 


suggested that large-angle age ip blood and pigmented 
tissue falls with increasing wavelength. A phantom was 
designed to help in the choice of optimum laser wavelength for 
mma ging. 


Instrumentation 


Chairman: Dr P. H. 8. Seith 


THE DEVELOPMENT OF A SYSTEM POR COMPUTED 
TRANSILLUMINATION TOMOGRAPHY 


P. C. Jackson, J. M. Evans, D. N. Ford, D. Kear, R. 
Skidmore, J. H. Smith, P. H. Stevens and 
P. N. T. Wells 


Department of Medical Physics, Bristol and Weston Health 
Authority 


The use of transillumination to investigate the pathology of 


human organs Sid. a hy) has enjoyed a in 
recent years, particulari study of breast lesions. The 


obtained from mammo y An experimental uted 
transillumingtion tomography To has been 
constructed for studying lumbs, 

head. Scans of phantoms PR Ee the spatial and 
contrast resolutions of the systems are shown and initial 
clinical results are presented 


Special collimators for quantitative imaging of high activity levels of !!T, by Dr M. A. Flower, Dr I. Adam, Dr A. M. Masoomi 


and Dr T. Schlesinger 


Dose reduction by rare-earth screens, by Dr H.-J Maurer and F. Goos 
Authomatic or manual exposure control in chest radiography? by Dr K. Faulkner, Mr M. D. H. Gordon, Mrs J. Miller and Miss 


M. Jones 


A joint approach to quality control, by Miss J. Clark, Dr B. Heaton and Mr D. Davidson 


SPECIAL COLLIMATORS POR QUANTITATIVE IMAGING OF 
HIGH ACTIVITY LEVELS OF IODINE 131 


M. A. Flower, I. Adam, A. M. Masoomi and 
T. Schlesinger 


Physics Department, The Royal Marsden Hospital, Sutton, 
Surrey 


High-resolution, low-sensitivity collimators have been made 
for a dualheaded whole-body scanner which was built 


onginaly for maging low levels of radioactivity The 
specifications were 
(1) penetration and leakage effects to be minimised; 
(n tial resolution (in terms of full width at half maximum 
ne function) to be « 10 mm; 
n) quantification of py levels of '*'I to be possibie. 
specifications have been met as follows. 
(1) The amount of lead surrounding the detectors has been 
increased to reduce penetration effects and all lead/lead 
effects 
-bore focused 


interfaces were designed to minimise 
(if) A mine-hok, 3mm diameter, pa 
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collimator (focal length 200 mm) results in a FWHM of 
8 0-9.8 mm within 200mm Temex when isosenstive 
scanning is performed (counts from upper and lower 
detectors combined xd puel mean) 
(11) titative on factor" eved via isosensifive scannin 
calibration actor for these collimators uw 12 coun 
per MBq/cm? Ther sensitivity 1s such that a reading 
above background levels indicates the presence of a 
therapeutic amount of !?!I for carcinoma of the thyroid. 
With much current interest in therapeutic appleations of 
131] (eg. antibodies and MIBG) and with the present 
inadequacies of rotating gamma cameras for high-energy single 
Bey emission computed tomography, isosensitive scanning 
using dual-headed scanners and special collimators will have 
an important role to play. 


DOSE REDUCTION BY RARE-EARTH SCREENS 
H.-J. Maurer and F Goos 
Akademie Lehrkrankenhaus der Univerntdt Heidelberg 


Dose reduction with no loss of information is one of the main 
topics in X-ray diagnostics. We investigated some screen-film 
ota MEETS with 
EIU (&wo,, 
t Sau pees in green di 
) and (2) VUE hght emission 

& few peaks in blue 1048: Tb) Green 


tia] resolution than 
rays with rare-carth screens show more 
(La, Y) or less (Gd) structure (including noise), but without 
negative influence on analysis of details. The dose reduction, 
dependent on the rare-earth screen-film combination used, us 


by a factor of up to 10. Increasing speed of the systems causes 
decreasing spatial resolution. 


AUTOMATIC OR MANUAL EXPOSURE CONTROL IN CHEST 
RADIOGRAPHY? 


K. Faulkner, "M. D. H. Gordon, *J. Miller and 
TM. Jones 


Physics Department and t Medical Statistics Department, 
Christie Haspital and Holt Institute, Manchester, and 


*X-ray Department, Burnley General Hospital 


The use of automatic and manual exposure control was 
investigated for a seres of patients referred for chest 


radiography. All radiographs were taken using a postero- 
anterior projection in two rooms at the same general hospital. 
Each room was equi with an air ionisation chamber type 
of automat control. The effect of this equipment compared 
with manual exposure control on patient doses was invest- 
gated. Anterior and posterior radiation doses were measured 
using sachets of lithium fluonde. Detailed statistical analyses 
indicated that for each group of patients the anterior (exit) 
dose, and therefore all iation dose, was lower using 
automatic control. The standard deviation on the anterior 
patent dose was lower under automatic control, which 
resulted m fewer repeat films due to incorrect density. Film 
densities were investigated to provide a further comparison 
between the two types of exposure control Linear regression 
analyns of the radiation doses was performed. The results for 
the anterior doses indicated that the automsüc exposure 
control] adequately co ted for changes 1n tube potential 
acd. patient thickness: As antücipated, linear regression of the 
posterior doses revealed that doses were higher for both 
thicker patients and lower tube potentials. 


A JOINT APPROACH TO QUALITY CONTROL 
J. Clark, B. Heaton and D. Davidson 


Department of Bio-Medical Physics and Bio-engineering, 
University of Aberdeen 


The “X-ray quality eae ete Ue DEA sales Pra pang 


dpa 8 joint xs : 
ysics, ea Department o 
Diagnostic Radiology, Aberdeen Royal Infirmary 1s described. 
15e eun Or gil SAY Spagetti alts heat hay pa (Horii been 
incorporated mto routine running of the department) us to 


be, for tbe most part, executed by radiographers and 
 darkroom 


technicians with support from à medical physics 
department. The process of establishing the QA protocols is 
described with respect not only to system testin 


but also to 
identifying those areas of QA for which responsibility lies with 
staff of the X-ray t and those for which Physicists 


can maintain responsibulity. The role which X-ray service 
jy sale unc s of such a programme 
d i pl an made at deae 
to ont oject ts given, meludin g a description of reco 
polities aad Annis 


interpretation of f da 
ate auteunen cf Ge etica xim a 


programme, 
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The measurement of limb blood flow unng Tc-labelled red cells, by Dr A. Parkin, Mr P A Wiggins, Dr P J. Robinson, Mr 


R. C. Kester, M. C. P. Salter and S. H. Leveson 


Blood vessel maging using ultrasound techniques, by Dr K. N. Humphries, V. Gazzard, Dr T. K. Hames and Dr A Chant 
Accuracy and errors of non-invasive measurements of blood flow by Doppler ultrasound, by Dr M. I Qamar, J. Beard, J. Evans, 


R., Skidmore, Dr P N. T. Wells and A. E. Read 


Combined real-time B-scan haemodynamic flow imsging—a review, by Dr K N Humphries, Dr T. K. Hames and Dr T. 


Wilmhurst 


Assessment of pulsatility index in the diagnosis of carotid artery disease, by Mr M I. Aldoon, Dr R. E. Lee, Dr C E. Francis 


and Mr R. N Baird 


The role of the Vascular Studies Unit in assessing the outcome of percutaneous transluminal angioplasty in the lower limb, by 
Miss S E. A Cole, Dr W. D. Jeans, Mr M. Horrocks and Mr R. N. Baird 

Duplex scanning in the evaluation of carotid bruit Mr M I. Aldoori, Dr G. L. Benviste, Dr J. Fairgneve and Mr R N. Baird 

Dynamic CT scanning of inflammatory aortic aneurysms, by Dr P. M. Taylor and Dr J. E. Adams 

Biochemucal changes following balloon dilatation of iliac artery stenosis in atherosclerotic patients, by Dr C J. Garvey, R. A. 


Wilkins, M. A. Bettman, S. Coade and J. Gordon 


Low-dose intra-arterial streptokinase therapy—results, risks and points of technique, by Dr W. J Walker, Mr A E. B. Giddings 


and Dr A. J. Thompson 


Takayasu’s arteritis, by Dr M. Yamoto, Dr J. Lecky, Dr K. Hiramatsu and Dr E. Kohda 


THE MEASUREMENT OF LIMB BLOOD FLOW USING 
TECHNETIUM-LABELLED RED CELLS 


A. Parkin, P. A. Wiggins, *P. J. Robinson, tR. C. 
Kester, TM. C. P. Salter and JS. H Leveson 


"s oe of Medical Physics, * Diagnostic Imaging and 
TGeneral S , St James's University Hospital, Leeds, 
{Department of General Surgery, York District Hospital 


A method for measuring below-knee blood flow dunng 
reactive h has been developed Subjects are 
positioned with and feet within the field of view of a 
gamma camera eee eld ossi below the knees 
to isolate the bl and induce a hyperaemuc response The 
remaining blood pool us labelled with technetium-labelled red 
cells. Blood flow is derived from the initial dient of a 


tme-activity curve generated for the lower cone 
release of cuff and from equilibrium blood sampling. 
lissue-equivalent phantom of a human leg connected to a 


peristaltic pump has been used to validate the technique and 
good agreement has been observed between measured flow 
rates and those calculated from time—activity curves (r = 0.99) 
The method has been applied to patents with peripheral 
vascular disease and to normal controls The mean value 
(i SD) of hmb perfusion for normal controls (24 limbs) was 
ound to be 156435 ml/I00 ml/min and for tients 
with intermittent udication (14 une was 1642.0 
ml/100 ml/min. Flow measurements are fo to correlate with 
clintcal findings and with symptoms Reproducibihty, estab- 
ished repeated measurements on 16 limbs, i high 
(r= 0 The method is well tolerated, even by patients 
suffering from rest pain. 


BLOOD VESSEL IMAGING USING ULTRASOUND TECHNIQUES 


K. N. Humphries, V. Gazzard, T. K. Hames and A. 
Chant 


Vascular Group, Medical Physics and uen Departments 
Southampton General Hospit 


À number of studies are in progress to investi 


te the potential 
of duplex scanning for the detection o 


occlusive and 
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ane disease 1n the extracranial and lower limb arteries 
and for pana monitoring of ag cca one 
omy bypass operations. ro tients 

with symptomatic penpheral vascular diesels E n 
either aortography or angiography and patients who have had 
either carotid endarterectomy or lower limb bypass operations, 
have been examined using the duplex technique For the extra- 
cranial examunation, have been obtained of the 
common carotid from the of the neck and the internal 
and external carotid artenes to the level of the jaw For the 
abdominal and lower limb studies, emphasis has been placed 
on obtaming mages of the distal aorta, common femoral 
bifurcation and the popliteal bifurcation. In a number of these 
tients, direct scanning along the main artenes of the lower 
b arterial tree has been attempted A categorisation of any 
disease present was made on the basis of the Doppler 
information, including waveform signature changes, the 
presence of turbulence and increases in frequency shift, and the 
of echogenic areas within the vessel lumen as 

yed on the B-scan image. 
prey results of this technique, when compared 
with arteriography, show sensitrvities and specificities of 
> 90% in the differentiation of disease causing greater than or 
less than 50% lumen constriction A discusmon of the accuracy 
of this technique in detecting early disease is also presented. In 
conclusion, these studies indicate that duplex scanning is a 
powerful investigative tool which has a major role to play in 
the non-invasive assessment of the peripheral vasculature In 
addition, this technique has the potential to replace conven- 
tional arteriography 1n specific situations 


ACCURACY AND ERRORS OF NON-INVASIVE MEASUREMENTS 
OF BLOOD FLOW BY DOPPLER ULTRASOUND 


M. I. Qamar, J. Beard, J. Evans, R. Skidmore, 
P. N. T. Wells and A. E. Read 


Departments of Medicine, Surgery and Medical Physics, 
Bristol Royal if Sobre a 


Non-invasive measurement of blood flow in the major 
intestinal arteries in man, using a duplex scanner (A 
), has been introduced recently (Qamar et al, 1985). The 
aim of the present study was to assess the im vitro accuracy of 
the method and its errors 
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In vitro calibration of the method was carned out using a 
hydraulic system under conditions smulating supenor 
mesenteric artery flow in humans and allowing simultaneous 
comparative ppler ultrasound and magnetic 
measurements flow m a latex tube Comparative flow 
measurements (Doppler ultrasound vs magnetic 
method) were orned for flows of 150 ml/min to 
1000 ml/min. The coefficent of correlation (r) was 098; the 
slope of regression was 1 008 with an intercept of 15 9 ml/min. 
Measurements by Doppler ultrasound slightly overestrmated 
flow and the error average was 4% In a second experiment, 
the effect of incomplete insonation of the latex tube was 
assessed. The expenment was carned out in exactly the same 
way as above but the diameter of the latex tube was calibrated 
directly and conmdered for the calculation of blood flow The 
flow measured by Doppler ultrasound was overestimated by an 
"ee of 50% when compared with the electromagnetic 

ge The error ranged from 45% to 65% In a third 
expenment, latex tubes of calibrated internal diameter which 
eee ron eae [2 mm were measured from the real-ume 
TARE RMA while immersed 7 cm below the surface of a 
water This was a double-bhnd expenment in which 40 
rformed All measurements 
than the actual values by 


comperative measurements were 
from the real-time imaging were 
| mm 

In conclusion, the method has two systematic errors: the 
incomplete insonation (which leads to overestimation in flow) 
and the underestimation of diameter, which largely offset each 
other so that the resulting measurement of blood flow has an 
acceptable accuracy. 


REFERENCE 

Qamar, M I, Reap, A. E, SKDMORE, R, EVANS, JM & 
Weis, P.N T, 1985. Gastrointestinal blood flow in man 
determined by Doppler ultrasound technique. In WFUMB 
85, Proceedings of the Fourth Meeting of the World 
Federation for Ultrasound in Medicine Biology and the 
First World C of Sonogr s, Sydney, Australia. 
Ed. by R W. Gil & M J Dadd on Press, London, 
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COMBINED REAL-TIME B-SCAN AND HAEMODYNAMIC FLOW 
IMAGING: A REVIEW 


K. N. Humphries, T. K. Hames and T. Wilmhurst 
Department of Medical Physws, Southampton General Hospital 


The introduction of duplex scanning dunng the last decade has 
Eu en considerable impetus to the non-invasive assessment of 
ed abdominal blood vessels and cardiac 

funcoon ^ neration systems have used combined 
real-time Pede and single-gate pulsed ler information 
However, with the introduction of data processing 
techniques, combined real-time B-scan/flow unaging systems 
have been developed which are capable of assessing blood 
velocities at any point within the sector scan. The anatomical 
information 1s displayed in shades of grey and the velocity 
information 1s colour coded with shades of red and orange 
representing flow in one direction, and shades of blue and 
green Torong areas of flow in the opposite direction A 
ption of the basic principles pas wil be presented 

and examples of peripheral vessel and cardiac images in 
normal and diseased conditions are shown The potential of 
these indus in replacing artenography will also be 
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ASSESSMENT OF PULSATILITY INDEX IN THE DIAGNOSIS OF 
CAROTID ARTERY DISEASE 


M. I. Aldoori, R. E. Lee, *C. E. Francis and 
R N. Baird 


Department of Surgery and * De wp ani of Medical Physics, 
Bristol Royal I 
Duplex scanning is well established in the non-invasive 
diagnoss of carotid stenosis and shows excellent correlation 
radiological assessment (Langlois et al, 1983) This 
relatively expensive technique is, however, available in only a 
few centres, and a need exists for a more available reliable test. 


A prospective study has been undertaken in 25 patients 
using a mmple bidirectional 10 MHz continuous d 
system to record s from the common carotid art 
from the supratroc artery in order to assess the Us "i 


the pulsatility index (PI) in the diagnosis of internal carotid 
artery stenosis. Pulsatility indices were calculated from signals 
obtained from both arteries and expressed as a ratio of PI 
(supratrochlear)/PI (common aroun) This ratio was corre- 
lated with percentage stenosis measured from tnplanar 
cerebral angiography Using the PI ratio there was almost 
complete separation of values associated with > 70% stenosis 
or complete occlusion from lesion at < 70% (P = <0 002, 
Mann-Whitney). 

The PI ratio is an inexpensive and reliable test requi nng 
much less ex epar and equipment than duplex scanning 
could be ] in centres which do not have casy access to a 
duplex scanner 


REFERENCE 
LANGLOIS, Y. ROEDERER, G. O, CHAN, A et al, 1983. 
Evaluation carotid artery disease The concordance between 
pulsed FOEDE apen analysis and angiography Ultra- 
round m Medicine & Biology, 9, 51-63 


THE ROLE OF THE VASCULAR STUDIES UNIT IN ASSESSING 
THE OUTCOME OF PERCUTANEOUS TRANSLUMINAL ANGIO- 
PLASTY IN THE LOWER LIMB 


S. E A Cole, W. D. Jeans, M Horrocks and 
R. N. Baird 


Department of Radiodiagnosis, Bristol Royal Infirmary 


Since the very first use of PTA in this hospital as a means of 
treating arterial disease in the lower limb, Vascular Studies 
Unit been committed to monitonng patients after 
Gruntzg dilatation Two broad aims have been identified 
1 To monttor patients closely and objectively in order to 
make an carly assessment of failure so as to facilitate early 
correction. 
2 To assess the long term efficacy of PTA 
The vanous methods of assessment of the Unit are 
described The difficulties in classifying the results and the 
und rules for deciding between failure and success are 
discussed One of the main points already emerging is the need 
udge the result for claudscants and ee patients by 
aided criteria, It 1s shown that a very simple test such as 
Doppler ankle pressure has a very useful are ive value for 
long: -term patency, and the effects of continued eee after 
PTA are discussed A very bref outline of the results of our 
310 Gruntag dilatations is mven 
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DUPLEX SCANNING IN THE EVALUATION OF CAROTID 
BRUIT 


M. I. Aldoon, G. L. Benveniste, *J. Fairgrieve and 
R N. Baird 


Department a, Surgery, Bristol Ro 
* 


Infirmary and 
heltenham General 


ospital 


Sixty-one patients presenting for duplex ultrasound assessment 
of asymptomatic cervical bruit between September 1980 and 
September 1983 were reviewed in 1985 to assess progression of 
disease, and current clinical status The mean follow-up period 
was 33 (range 24—60) months There were [2 deaths in the 
group; mx were due to stroke, eight to myocardial infarction 
and three to malignant disease c patent suffered a non- 
fatal stroke 

On the basis of the original scan (and artenography if 
available), the patients were divided into five groups (A-E) 
based on the severity of internal carotid a stenosis A, 
normal, B, <50%; C, 50%-75%; D, > 75%, and E, 
occlusion Mortality rates per up were A, 0% VET B, 
2394 (7/30), C, 29% (2/7), D, 30% (3/6), and E 43% (3/7) 
There were, however, no stroke related deaths in the first three 
groups (re less than 75% stenosis). In those patients with 
greater than 75% stenosis or occlusion, 30% died due to 
stroke (P m 0.001, Fisher's exact test) 

We conclude from our study that patients with. asympto- 
matic carotid bruit should be investigated, as those with severe 
disease have a high risk of death from stroke 


DYNAMIC COMPUTED TOMOGRAPHIC SCANNING OF 
INFLAMMATORY AORTIC ANEURYSMS 


P.M Taylor and J. E. Adams 
Department of Diagnostic Radiology, University of Manchester 


Approximately 20% of abdominal aortic aneurysms are of the 
in tory type (Bloor & Humphrnes, 1979) In the variant, 
the aneurysm is surrounded by a "cuff", the histological 
composiuon of which is mmular to that found in retro- 
pentoneal fibrosis The term “penaortitis” has been suggested 
to encompass both lesions on etal, 1984) This 
inflammatory tissue poses problems for the surgeon at 
operation, and consequently these patients are frequently 
treated with a course of oral steroids prior to surgical 
treatment 

Eight patients with inflammatory aortic ancurysm have been 
scanned using a GE 8800 scanner Each patient was scanned 
before intravenous contrast-medium admunustration, and then 
ad series of sections was obtained during the infusion 
of 100 ml Conray 280 (meglumine Eais A n addition to 
demonstrating the size of the aneurysm and extent of the 
surrounding soft-tissue mass, d CT showed enhance- 
ment of the inflammatory "c in all cases The attenuation 
values of the inflammatory mass increased by 29.6 HU (mean) 
from the pre-contrast values of 30-50 HU (mean 39.8 HU) 
Four patients were treated with steroids and rescanned. In 
each case there was a reduction in size and degree of contrast 
enhancement of the periaortic soft-tssue mass Thus dynamic 
CT is useful in the diagnosis of inflammatory aortic aneurysms 
and in monitoring the response to steroid therapy This has 
implications for surgical management. 


REFERENCES 
BLoog, K & H W V. 1979 Aneurysms of the 
abdominal aorta. British Journal of Hospital Medicine, 21, 
568—583 
Dixon, A K, MrrcumsoN, M J & SHerwooo, T., 1984. 
Computed tomographic observation in pemaortius a 
hypothesis Clinical ology, 35, 39—42. 


BIOCHEMICAL CHANGES FOLLOWING BALLOON 
DILATATION OF ILIAC ARTERY STENOSIS IN ATHERO- 
SCLEROTIC PATIENTS 


C. J. Garvey, R. A. Wilkins, M. A Bettman, S. Coade 
and J Gordon 


Departments of Radiology and Vascular Biology, Northwick 
Park Hospital and Clinical Research Centre, Harrow, 
Middlesex 


In an attempt to define the biochemical changes resulting from 
balloon angioplasty, nine patients with atherosclerotic stenosis 
of the iliac artenes were studied. Using the balloon catheter 
and a side-arm sheath as sampling catheters, it was possible to 
obtain blood samples directly from the artery above and below 
the angioplasty ate, before and after balloon dilatation Senal 
venous samples were also obtained in a number of patients 
Blood was collected directly into an anticoagulant cocktail! and 
the plasma separated stored Plasma was subsequenti 
analysed using radioimmunoassay techniques and hi 
pressure liq chromatography LC) for a vanety of 
markers of endothelial cell damage, platelet and complement 
acttvation These included prostacyclin, nucleotides and 
nucleosides, thromboxane, C3A and CSA release This 
study showed that there were no significant changes in any of 
the parameters measured The implications of findings 
and the relevance to clinical follow-up in these patients are 


LOW-DOSE INTRA-ARTERIAL STREPTOKINASE THERAPY’ 
RESULTS, RISKS AND POINTS OF TECHNIQUE 


W J Walker, A. E B. Giddings and 
A J. Thompson 


Royal Sw rey County Hospital, Guildford 


By the end of July 1985, 28 patients with acute or subacute 
peripheral artenal ischemia were treated with low-dose intra- 
arterial p Des as part of an ongoing trial to assess the 
benefits of the procedure compared to its risks. In over 60% of 
patients complete lysis was obtained for a major complication 
rate of 11% including one mortality Up to Sear follow-up 
was obtained From the results it 1s concluded that 
thrombolyms ıs superior to surgery for the treatment of these 
patients Updated results are presented and the following 
important aspects discussed 
1) use of small, eg 5 French, catheters, 
approach from the contralateral groin; 
3) incidence and treatment of retrograde thrombosis; 
4) necessity of urgent treatment of revealed cause of 
occlusion, 
(5) technique for conversion to hepann and withdrawal of 
catheter at end of procedure, 
6) effect of low-dose therapy on clotting profile, 
rationale for initial 12-14 h trial of streptokinase therapy 
to reduce complication rate. 


TAKAYASU'S ARTERITIS 
M Yamoto, J Lecky, K. Hiramatsu and E. Kohda 
School of Medicme, University of Pittsburgh, Pennsylvania, 
USA 


ay nine cases of Takayasu's arteritis were re vely 
analysed. On chest radiography (n 49), 68% of the cases 
showed abnormalities with irregular contour of the descending 
aorta being the most common finding (67%), followed by 
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calcification in the arch and the descending aorta (27%), and 
ectatic aortic arch (27%) Fifty cases of total aortography were 
categonsed into four types according to Nasu’s Wide rA 
The extensive type (type 4) was 68%, and 28% of the cases 
consist of the since : ‘pulseless disease" type (types | and 2) 
Among the chan In the sorts, stenosis was most 
common Agia | 1%), followed by thickening of the wall 
(6794), contour RUE (37%), tortuosity (34%) and 
dilatation (24%) usion, aneurysm and aortic regurgitation 


Genito-urinary Radiology 


Chairman: Dr P. Davies 


were seen in a small number of patients. Dissecting aneurysm, 
a rare manifestation, was seen in one case The adventitial 
vascular structure, the vasa vasorum was seen in the wall of 
the proximal descending aorta in three cases and the 
nalo opges were speculated In branches of the aorta, stenosis 
was the most common finding, involving most on 
aortic arch branches. On pulmonary gba, do (n = 21) 
86% were abnormal with occlumve change being the most 
common finding No predilection for any lobe was noted. 


Prospective analysis of a new contrast-clearance method for the determination of glomerular filtration rate, by Dr A. J. Pollard, 
P.H O'Reilly, Dr P. J. Martin, P. J. C. Brooman, G. G. Mason and N. B. Farah 

Adrenal calafications, by Dr J. W. Lecky, Dr R. J. Penkrot, Dr C. R Fuhrman and Dr M Yamoto 

Renal size, papillary blush and contrast osmolality in intravenous urography, by Dr R. Whitehouse 

Dehydration, antidiuretic hormone and the intravenous urogram, by Dr M Trewhella, Dr M. Forsling, Dr D. Rickards and Dr 


P. Dawson 


Influence of contrast-medium dose and other factors in excretion urography, by Dr C. F. Loughran, G. Ansell, C. R. West and 


M. Learmonth 


The intravenous urogram in prostatism—is it necessary? By Dr S. Johnson, Dr G. de Lacey and Dr B. Twomey 
Adrenal and genitourinary lymphoma—-radiologwal and pethologcal correlations, by Dr J. W. Lecky, R. P. Wiley and T. 


Talamo 


Diabetes mellitus and the genito-urinary tract, by Dr J. W. Lecky, C R. Jarmolowsky, F. J. Simone and R. L. Myerwitz 
Videocystourethrography in children, by Miss H. Fitzmaurice and Dr D Rickards 


Banum double-contrast cystography, by Dr J R. Harding 


Ultrasound of the urethra in post-prostatectomy incontinence, by Dr D. Rickards, Dr H. Fitzmaurice and Dr M. A. Hall-Craggs 
Radiological changes in the lower urinary tract after radiotherapy for carcinoma of the uterine cervix, by Dr P M Taylor, Dr 


R J. Johnson and Dr B. Eddleston 


PROSPECTIVE ANALYSIS OF A NEW CONTRAST-CLEARANCE 
METHOD POR THE DETERMINATION OF GLOMERULAR 
FILTRATION RATE 


A. J. Pollard, P H O'Reilly, P. J. Martin, P. J. C. 
Brooman, G. C. Mason and N. B. Farah 


Departments of Radiology, Urol logy and Biochemisiry, 
Stepping Hill Hospital, Stockport, Cheshire 


A new method for the denvation of glomerular filtration rate 
which depends on the measurement of plasma disappearance 
of intravenous contrast media was investigated The method is 
based on X-ray fluorescence of iodine. The equipment 
incorporates two amencium-241 sources, each emitting 
directionally controlled 60 keV photons Iodine atoms in post- 
urography plasma samples subjected to this gamma radiation 
emit. characteristic X rays in proportion to the iodine 
concentration. These are monitored by a Nal detector and six- 
channel analyser/mxcrocomputer (Elementanalysis ab, Sweden) 
to calculate the glomerular filtration rate 

Eighty-seven patents attending the Ego aged si were 
nee 54 patients had simultaneous 

Cr-EDTA and [00 ml ichexol (Omnipaque; aie ae 

ai 33 had the same procedure using 50 ml 1ohexol. In 3 
cases, simultaneous endogenous creatinine were 
performed Ten contrast specimens were subsequently frozen 
and re-examined at weekly intervals for 6 weeks Correlation 
between °'Cr-EDTA clearance and contrast clearance usin 
100 ml iohexol was excellent (r= 0.90) and, using 50 
rohexol, was very good (r = 0 85). Correlation ‘between ?!Cr- 
EDTA and creatinine clearance was less mupressive (r » 0.69). 


The reproducibility of the contrast clearance method was 
excellent, with. no ig queen statistical vanation over 60 
examinations during 6 weeks The technique is simpk to 
perform, can be used as an adjunct to urography and can be 
repeated for serial studies. 


ADRENAL CALCIFICATIONS 


J W Lecky, R. J. Penkrot, C. R Fuhrman and 
M. Yamoto 


University of Pittsburgh, Pennsylvania, USA 


Adrenal calcifications may be clinically divded into those 
lesions commonly seen in the newborn or children and 
those seen in the adult In childhood, adrenal cystic disease 
(predominantly neonatal haemorrhage) and neuroblastoma are 
quite common thood, cystic disease, carcinoma, 
adenoma and phaeochromocytoma are common. The vanous 
of calcifications seen in these lesions will be presented 
n ultrasound 1s not indicated in the investigation of 
calci adrenal lesions because of the problem of acoustical 
reverberation Computed tomo phy 1$ i method of choice 
in most instances The or an eapey Der cn 
drastically curtailed With the availabili ty of percutaneous 
needle biopsy, surgery in malignant diseases with computed 
tomographic evidence of extension is subject to reappraisal. 
Representative examples with varying calcified patterns will 
be presented The use of adrenal biopsy will be discussed. 


841 


Vor. 59, No. 704 


Proceedings of The British Institute of Radiology 


RENAL SIZE, PAPILLARY BLUSH AND CONTRAST 
OSMOLALITY IN INTRAVENOUS UROGRAPHY 


R. Whitehouse 
Department of Diagnostic Radiology, University of Manchester 


A papillary blush, due to contrast medium visible in the 


collecting tubules, occurs in 1% of normal urograms 
performed with conventional ionic contrast agents 


(Palubinskas. 1963). Within 30 s of contrast medium injection, 
most kidneys swell by 10-20% in volume (Dorph et al, 1977). 
In view of the reduced osmolality and increase in urinary 
iodine concentration achieved with non-ionic contrast agents, 
the incidence of papillary blush and changes in renal length 
were assessed in a randomised single-blind prospective study of 
57 patients receiving. 30 ml. of either Na: Mg diatrizoate 
(Urografin 370) or iohexol (Omnipaque 350). The mean 
increase in renal length. of 3.5 mm between the control and 
5 min film confirms previous studies of ionic contrast agents 
and was not significantly different for the two contrast agents. 
Papillary blush occurred in one patient (396) receiving 
Urografin but in 14 (47%) patients receiving Omnipaque. 
Although it has long been recognised that a papillary blush is a 
normal finding at intravenous urography, a similar appearance 
can occur in medullary sponge kidney and early papillary 
necrosis. With the increasing use of non-ionic contrast agents. 
an awareness of the common occurrence of a papillary blush 
should be recognised and not misinterpreted as pathological. 


REFERENCES 
Dorp, S., Sovak, M.. TALNER, L. B. & Rosen, L.. 1977. Why 
does kidney size change during intravenous urography? 
Investigative Radiology, 12, 246—250. 
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DEHYDRATION, ANTIDIURETIC HORMONE AND THE 
INTRAVENOUS UROGRAM 


M. Trewhella, *M. Forsling. tD. Rickards and 
tP. Dawson 


Department of Radiology. Princess Mary Royal Air Force 
Hospital, Halton, * Departments of Radiology and * Physiology, 
Middlesex Hospital, London and t Royal Postgraduate Medical 

School, Hammersmith Hospital, London 


Dehydration prior to intravenous urography has been 
advocated since the 1930s, the theoretical basis of it being that 
by elevating vasopressin levels, water reabsorption in the distal 
and collecting tubules of the kidney is enhanced, increasing the 
urinary concentration of contrast medium. In recent years the 
effectiveness of dehydration in improving diagnostic image 
quality has been questioned. It was decided to determine 
vasopressin levels in patients who had been routinely 
dehydrated prior to intravenous urography both before and 
following administration of contrast medium. The results show 


that not only do the traditionally practised regimes of 


dehydration fail to raise vasopressin levels, but also that the 
administration of contrast medium itself causes a rapid and 
profound rise in vasopressin levels which prevail while films 
showing pyelographic detail are being taken. As it is the 
administration of contrast medium which results in the 
prevailing elevated vasopressin levels rather than the preceding 
dehydration, we conclude that the degree of dehydration 
routinely undertaken is irrelevant to image quality. It cannot, 
therefore, be justified, particularly in view of current 
understanding of its possible role in contrast-medium induced 


renal impairment in risk groups such as diabetics and the 
elderly. 


INFLUENCE OF CONTRAST-MEDIUM DOSE AND OTHER 
FACTORS IN EXCRETION UROGRAPHY 


*tC. F. Loughran, *G. Ansell, 1C. R. West and 
*M. Learmonth 


* Department of Radiology, Whiston Hospital, Prescot, 
Mersevside and the Department of Radiodiagnosis, University 
of Liverpool, t Department of Radiology, Medical University of 
South Carolina, Charleston, South Carolina, USA, {Biostatics 

Unit, Department of Medicine, University of Liverpool 


To investigate the wide diversity of contrast-medium dose for 
excretory urography noted in a previous survey (Ansell et al. 
1980), 1008 urograms from 14 hospitals within the UK were 
reviewed after a period of 5 years and the results subjected to 
computer analysis. The hospitals which employed differing 
contrast-medium doses were divided into five dose ranges: 
(1) 14g Lor less, (22 14-18 g L (3) 20-23 g L (4) 24-275 g L 
and (5) 29 g I or more. 

In general, there was a positive association between the 
confidence with which the urograms could be interpreted and 
the dose of contrast medium. There was no evident value in 
using doses in excess of 27 g I except in older patients. Age was 
an important factor in urographic quality. In young patients 
(20 years or less), diagnostic urography was obtained in 93.4% 
of all cases and there was no demonstrable benefit in increasing 
the dose above that used in Group I (14 g I or less). When the 
patient was aged 70 years or more, a dose in excess of 29 g | 
obtained diagnostic urograms in. 75.5% of patients. Higher 
contrast-medium doses did not effect à reduction in film usage. 
Increasing the amount of radiographic film used did have a 
favourable influence on diagnostic accuracy and this effect 
operated independently of contrast-medium dose. The value of 
compression in urography was confirmed. Insofar as it was 
possible to assess, diagnostic accuracy was generally high, with 
the exception of bladder tumour diagnosis where approxi- 
mately one-third of cases were undetected at the initial 
urogram. There is a case for reconsideration of contrast- 
medium doses and techniques currently used in excretory 
urography. 


REFERENCE 
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THE INTRAVENOUS UROGRAM IN PROSTATISM: IS IT 
NECESSARY? 


S. Johnson. G. de Lacey and B. Twomey 


Department of Radiology, Northwick Park Hospital and 
Clinical Research Centre, Harrow 


We present the results of a prospective survey of the effect on 
management of a routine IVU on patients referred with 
prostatic symptoms but without a history of acute retention, 
haematuria, or previous known renal disease. One hundred 
and ten consecutive patients with prostatic symptoms and 
referred to the urology outpatients department were included 
in the survey. Prior to requesting an IVU, the urologist 
completed a stamped questionnaire of the patient's symptoms. 
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his diagnosis, and most importantly his proposed (pre-IVU) 
management A standardised IVU and an ultrasound scan of 
the kidneys, bladder and prostate were performed within a 
week of each other The I was assessed by a consultant 
radiologist The clinical notes of all patients were subsequently 
studied to determine the eventual post-IVU management of 
each patient, and the influence of the IVU and/or ultrasound 
findings on the urologist's original planned mana t 

Of {10 consecutive patients, 104 were muded an tlie final 
analysis, six patients being excluded because their investiga- 
tions were incomplete Several results from this are 
presented The principle conclusion is that neither the nor 
ultrasound altered daa management in any patient, and 
that neither investigation 18 essential ın patients with 
symptoms. The potential financial saving to the 
excluding an IVU as a routine is assessed 


rostatic 
HS of 


ADRENAL AND GENITOURINARY LYMPHOMA 
RADIOLOGICAL AND PATHOLOGICAL CORRELATIONS 


J. W. Lecky, R. P. Wiley and T. Talamo 
University of Pittsburgh, Pennsylvania, USA 


Lymphomatous involvement of the genitounnary tract usuall 
manifests itself as multiple small nodules involving bo 
kidneys with or without lymph-node involvement producin 
deviation of one or both ureters This t of rena 
involvement, along with the diffuse tumour infiltration, most 
ey produces renal] enlargement without evidence of 
intrarenal masses, On other occasions, solitary rena] masses 
are visible on the urogram and less commonly renal 
displacement, renal vascular involvement, alterations in renal 
physiology secondary to tumour infiltration or medial 
deviation of the ureters are seen. Lymphomatous involvement 
of the bladder area usually occurs with approximately one- 
third of the frequency of renal involvement with extrinsic 
displacement and/or invasion of the bladder wall by adjacent 

vic masses occurs more frequently than intrinsic 
ladder lymphoma 

We present information from more than 35 cases 
demonstrating the more uncommon urographic, ultrasonic, 
computed tomographic, angiographic and  pathologxail 
manifestations of genitourinary and adrenal lymphoma 

The case material includes adrenal lymphomatous masses 
(unilateral and bilateral), adrenal encasement, renal lymphoma 
producing hypertension with resolution after treatment, 
jux involvement producing renal-vein occlusion and 
encasement of the renal pelvis, tera! solitary renal masses, 
bilateral renal displacement, diffuse bilateral renal enlargement 
secondary to infiltration with and without associated calyceal 
obliterations, vanous patterns of ureteral displacement and 
encasement and lymphomatous bladder involvement (both 
extrinsic and intrinsic) 


DIABETES MELLITUS AND THE GENITOURINARY TRACT 


J. W. Lecky, C R. Jarmolowski, F. J Simone and 
R. L. Myerwitz 


University of Pittsburgh, Pennsylvania, USA 


The unnary tract of the diabetic 1s susceptible to an array of 
pathological entities which can be observed and frequently 
definitely diagnosed on the plain radiograph, intravenous or 
retrograde pyelogram with occasional assistance from other 
imaging modalities 
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peed Hid aa? vascular calcification of the medial type, 
part dendo dd bts d eda Ay des. 
males or females, vas deferens calcification and 
enlargement strongly diabetes Diabetes mellitus is the 
most common identifiable cause for renal enlargement in our 
Institution 

Emphysematous nephritis, perinephritis, cystitis and uro- 
genic bladder, chromic pyelonephntis, renal — abscess, 
xanthogranulomatous pyelonephritis, renal medullary necrosis 
and primary renal and bladder candidiases are also reco 
complications. Representatrve radiographical and pathological 
correlations are presented 


VIDBOCYSTOURETHROGRAPHY IN CHILDREN 
H. Fitzmaurice and D. Rickards 
Department of Imaging, Middlesex Hospital, London 


Videocystourethrography (VCUG) combines imaging of the 
lower urinary tract wnh pressure measurements gang 
anatomical and functional information. It is a well estab 
technique in adults, but its role in the investigation of children 
with disturbances of micturition 1s less clear 

Twenty incontinent boys age 3-16 years have been studied 
using VCUG All the boys had undergone surgery for 
posterior urethral valves In e case, a urodynamic 
abnormality was identified by VCUG The commonest 
urodynamic abnormality was detrusor instability which did 
respond to treatment in most cases No evidence of distal 
urethral sphincter weakness was found High pressure detrusor 
instability was seen in four boys with chronic renal failure 

We conclude that VCUG is an important technique for 
diagnosis in this group of patents and helps to identify 
appropnate treatment selection The technique also helps to 
demonstrate the relationship between bladder bebaviour and 
kidney function 


BARIUM DOUBLE-CONTRAST CYSIOGRAPHY 
J. R Harding 
St Woolos Hospital, Newport, Gwent 


The use of sterile barnum for ography fell out of practice a 
decade or more ago, mainly use of complications when 
reflux occurred in tnc patients Improvements in 
mucosal imaging in the gastrointestmal tract the double- 
contrast technique, following the develo t of modern high- 
density barum preparations along with better image resolution 
due to improvement in FOLGENDE equi t, film and 
intensifying screens, have stimulated this preliminary study in 
the investigation of suspected bladder tumours. y-cight 
double-contrast cystograms have been performed in 50 
patients, after first excluding reflux with a water-soluble 
cystogram, providing excellent visualisation of neoplasm with 
100% true positive and true tive rates when compared 
with cystoscopy and histology, here were no false negative 
examinations and one false positive examination was due to a 
ureterocele It 1s ble to assess accurately the presence or 
absence of bladder neoplasms, along with details of their 
number, exact site, size and shape, and whether polypoid or 
not, this has proved to be useful pre-cystoscopx information 
The technique has been helpful where cystoscopy has been 
difficult or impossible, and also for looking for neoplasm 
within bladder diverticula. In summary the t ique is highly 
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sensitive and specific, and can provide high quality images for 
diagnostic purposes 


ULTRASOUND OF THE URETHRA IN POST-PROSTATECTOMY 
INCONTINENCE 


D. Rickards, H. Fitzmaurice and M A. Hall-Craggs 
Department of Imagmg, The Middlesex Hospital, London 


Trans-urethral resection of the prostate (TURP) necessitates 
obliteration of the bladder neck mechanism Continence then 
d on the distal sphincter mechanism alone. Incontinence 
following TURP may be due either to bladder instability or to 
weakness of the distal sphincter ism or a combination 
of the two. Twenty patients with post-prostatectomy 1ncon- 
tinence have been studied with both linear-array transrectal 
ultrasound of tbe urethra and videocystourethrography 
(VCUG) In 10 cass, incontinence was due to b r 
instability Ultrasound in all 10 demonstrated the TURP 
cavity and was able to demonstrate good distal sphincter 
closure during interruption of mictuntion, findings confirmed 
by VCUG AER had no role to play in assessing bladder 
function itself In the other 10 patients, incontinence was due 
to a deficient distal sphincter mechanism Again, ultrasound 
was able to mage the failure of the distal sphincter to close 
by VCUC to interrupt micturition, findings again confirmed 

VCU 

We conclude that linear-array transrectal tmaging of the 
urethra uw a promising non-invasive primary technique to 
investigate patients with post-prostatectomy incontinence, 


Radiotherapy and Oncology 


Chairman: Dr D. Pearson 


RADIOLOGICAL CHANGES IN THE LOWER URINARY TRACT 
AFTER RADIOTHERAPY FOR CARCINOMA OF THE UTERINE 
CER VIX 


P M. Taylor, *R. J. Johnson and B. Eddleston 


Department of Diagnostic Radiology and * Christie Hospital 
and Holt Radnem Institute, University of Manchester 


Radiotherapy for carcinoma of the cervix inevitably results in 
radiation of the adjacent ureters and bladder In order to 
attempt to identify the radiolo critena which may enable a 
positive. diagnosis of radiotherapy change as opposed to 
recurrent local disease, the radiographs of 36 patents wath 
proven radiation-induced abnormalities were reviewed Within 
this group there was a high incidence of ureteric abnormalities 
revious studies had su ed that ureteric damage 1s rare 
Slater & Fletcher, 1971). The commonest lesion 18 a smooth 
stricture at the vesico-uretenc junction, although strictures 
were also found 1n the more proximal ureter There was a high 
level of associated bladder abnormalities, 21 patients havin 
both ureteric and vesical lesions. The prinapal abno 
findings in the bladder were disruption of the mucosal pattern, 
thickening of the bladder wall and fistula formation. ges 
were noted in patents receiving intracavitary treatment. 
external radiotherapy and the two in combination The 
abnormalities were usually readily seen on the intravenous 
urogram, but both ultrasound and CT scanning were seen to 
demonstrate some lesions more effectively 


REFERENCE 
SLATER, J M. & Frercuer, J. H, 1971. Ureteral strictures 
after radiation a for carcinoma of the uterine cervix 
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Rectal compheations after pion treatment at the Swiss Institute for Nuclear Research, by Dr K. O. Matsumoto, Dr R. Greiner, 


Dr H. Blattmann and Dr P. Thum 


The relationship of the bladder and the cervix in patients undergoing intracavitary therapy, by Dr H R Lukka, C. J. Moore and 


R. D. Hunter 


Contact therapy of tumour recurrences in the regions of the p 


and oral cavity by means of a remote-controlled 


afterloading technique, by Dr M. Bauer, Dr R. Schulz-Wendtland, Dr H. Kuttig and Dr P. Fritz 
How should we manage glomus jugulare tumours in 1986? by Dr P. J. D. K. Dawes, Dr C. C. Gaffney and Dr G. Lambert 
Intrathecal targeted therapy for neoplastic meningitis with radiolabelled monoclonal antibodies—a report of three cases, by Mr 
H B. Coakham, Dr R. B. Richardson, Dr A. G Davies, Dr S P. Bourne, Dr D H. Jones and Dr J T Kemshead 
Complications and 5-year results of treatment of carcinoma of the cervix using the Cathetron in rural India, by Professor V. 
Balasundaram, Dr K Koteshwer Rao and Mr J. G. R Solomon 


The study of zinc in oncology, by Dr L. Grant 
Vaginal packing, by Dr E Dvořák and Dr S. Song 


RECTAL COMPLICATIONS AFTER PION TREATMENT AT THE 
SWISS INSTITUTE FOR NUCLEAR RESEARCH 


K. Matsumoto, R. Greiner, H Blattmann and 
P. Thum 


Medical Project, Swiss Institute for Nuclear Research, Villigen, 
Swizei land 


Since December 1981 it has been possible to carry out 
conformal, dynamic, microprocessor-controlled radiotherapy 
of deep-seated tumours with negative pions in the Piotron at 


the Swiss Institute for Nuclear Research (SIN) The chosen 
method was "spot scan", whereby the patient is moved in three 
dimensions relative to a beam spot a few centimetres in 
diameter, produced by 60 pion beams which meet 
isocentncally at the centre of the applicator. In February 1982 
curative pion irradiation of deep-seated tumours in Phase I/II 
studies was begun. Up to October 1984, 46 patients with pelvic 
diseases were irradiated by curative technique, exclusively with 
pions and a course Thirty-two of t patients (70%) 
were treated for bladder cancer, eight (17%) for cervical cancer 
and six (13%) for such other tumours as rectal cancer (two 
patients), corpus cancer (one patient), or soft-tissue sarcoma 
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(two patients) Treatment time was 4—6 weeks, four fractions 
weekly, single dose 165-200 cGy (90% odose), total dose 
300-3600 Nenana tumour dose). 

Ten out of 39 patients (26%) with a follow-up time of more 
than 6 months developed Grade 3/4 (EORTC score) late rectal 
complications: six of 27 patients with bladder cancer, one of 
three with rectal cancer, one of two sarcoma patients and two 
of eight patients with cervical cancer. relationships 
between these complications and the dose-volume histograms, 
the single and total dose and, particularly, the surgical 
intervention after pion treatment are presented and discussed 


THE RELATIONSHIP OF THE BLADDER AND THE CERVIX IN 
PATIENTS UNDERGOING INTRACAVITARY THERAPY 


H. R. Lukka, C. J. Moore and R. D Hunter 
Christre Hospital, Manchester 


Clinical studs have shown a poor correlation between 
bladder damage and bladder dose in patients treated with 
radiation therapy for uterne tumours. This study was 
undertaken to investigate prospectively the relationship 
between the cervical os and bladder in patients undergoing 
Intracavitary treatment 

The CT scans of 59 2 pite undergoing intracavitary 
treatment were analysed. upper hmut of undistended 
bladder relative to the os extended from 55cm above the 
cervix to 4 0 cm below The distance from the central tube to 
the posterior bladder wall ranged from 1 5 cm to 42 cm This 
was positively associated with size of ovord (p = 0 022), though 
with considerable individual vanation A separate analysis 
failed to show a consistent correlation with age or stage of 
disease — Thurty-mne of the 59 tients (655%) had 
asymmetrical bladders. Of these, half had "shght" asymmetry 
and the others had “marked” asymmetry. The thickness of the 
vesico-vaginal septum vaned from 0.5 cm to 2.9 cm but was 
difficult to assess in some patients 

The investigations show a marked vanation in bladder 
position relative to the cervix In patients treated with medium 
ovoids and those with Ib and IIb disease the distance to the 
bladder base is greater than the others, though with marked 
individual variation The tion of the bladder cannot be 
accurately predicted by clinical criteria and requires to be 
defined by a radiological technique in the individual patient. 


CONTACT THERAPY OF TUMOUR RECURRENCES IN THE 
REGIONS OF THE PHARYNX AND ORAL CAVITY BY MEANS 
OF A REMOTE-CONTROLLED AFTERLOADING TECHNIQUE 


M Bauer, R. Schulz-Wendtland, H  Kuttig and 
P Fntz 


Radiotherapy Centre of the University of Heidelbeig 


Twelve patients with recurrent carcinomas of squamous cell 
epithelium were treated by contact-irradiation using a remote- 
controlled afterloading technique Special applicator dentures, 
adapted to tumour situation and anatomy, allow a stable and 
reproducible itioning of the sources at the tumour The 
irradiation icheme is based upon the transformation of the 
source co-ordinates from the stereoradiographic localisation 
syttem into the co-ordinate system of the computed 
tomogram. At least three fixed metal points inserted in the 
a denture and visualised by stereoradiography as well 
as by CT serve as mutual reference points for both co-ordinate 
systems. The source positioning in the tumour region is 
optimised by CT irradiation planning. One case is presented in 
order to describe the pnnciples of the method Preliminary 
results are discussed 


HOW SHOULD WE MANAGE GLOMUS JUGULARE TUMOURS 
IN 1986? 


P J.D K. Dawes, C C. Gaffney and G Lambert 


Regional Radiotherapy Centre and Regional Medical Physics 
Department, Newcastle General Hospital 


Between January 1956 and December 1984 53 patients 


suffenng from glomus jugulare tumours were seen in 
Newcastle upon Tyne. Three of these patients with. tumours 
localised to the t 


panum were treated by cxcisional ry 
alone. The other 50 patients received some adioiherapy. Three 
had treatment for bilateral tumours The actuarial survival of 
the say dig aee treated patients was 93*4 at 20 years 
The disease-free survival was 75% at 20 years A 
dose—response curve was constructed and it suggests that a 
dose of 5000 cGy in 25 daily fractions will satisfactorily 
contro! the disease. Because the disease has such a potentially 
aas progon the emphasis in treatment planning must 


on low morbidity investigations (e g. tal subtrac- 
tion angiography) and accuracy Accuracy in delivering the 
radiation dose to the tumour and avoiding sensitive normal 


structures can be achieved by the manufacture of well fitting 
treatment shells Angled shadow blocks made individually 
from a low melting point alloy have been introduced recently 
2n ais the distributions An assessment of their effect is 
inclu 


INTRATHECAL TARGETED THERAPY POR NBOPLASTIC 
MENINGITIS WITH RADIOLABELLED MONOCLONAL 
ANTIBODIES. A REPORT OF THREE CASES 


H B. Coakham, R. B. Richardson, A. G Davies, 
S. P. Bourne, *D. H. Jones and *J. T. Kemshead 


Department of Neurosurgery and Medical Physics, Frenchay 
Hospital, Bristol and * Imperial Cancer Research Fund 
Laboratory, Institute of Child Health, London 


We have studied the intrathecal administrauon of radio- 
labelled monoclonal antibodies (MCA) to three cases of 
Sadi s mennpu dn the cerebrospinal fluid n) space. 
patient, with a pincocytoma, was pven a diagn 
amount of T$ UJ181.4 (antineuroblast MCA) with a ed 
control MCA which produced ity ratios of over 20° 1 
(external counting) and 10 | F cell pellet) A therapeutic 
dose of 890 MBq (24 mC) of '*4J UJ181 4 resulted in marked 
clinical improvement and a continuing remission (1 year). The 
second patient, with a B-cell lymphoma, was initially given 
tracer doses of !?!] F8-111 (anti: B-cell) with a radioiodinated 
control MCA. This was followed by a therapeutic dose of 
1560 MBq (42 mCi) of !!!I F&-111 alone. The third patient, a 
3-year-old with a teratoma, was given a therapeutic dose 
of 430 MBq (12 mC) of !I UJI81.4 divided intrathecally 
and intraventnecally The bickinetics was determined by 
scintigraphy (blood, CSF and unne samples). The distribution 
and clearance of the diagnostic doses were found to be 
representative of the therapy doses 1-2 weeks later The 
maximum activity in the bl for Cases | and 3 was at 45 and 
54h after injection respectrvely, at less than 30% of the 
infected dose Case 2 expenenced rapid excretion of MCA 
from the CSF space, with peak activity in the blood at about 
20 h; no activity was seen in the head due to a basal block in 
the CSF eed as seen i basa uA An initial. diagnostic 
study has found to be essential to determine a patient's 
CSF dynamics, antibody specificity, and the radiation dose 
delivered, prior to antibody targeted therapy. 
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COMPLICATIONS AND S-YEAR RESULTS OF TREATMENT OF 
CARCINOMA OF THE CERVIX USING THE CATHETRON IN 
RURAL INDIA 


V. Balasundaram, K. Koteshwer Rao and J. G. R. 
Solomon 


Department of Radiotherapy & Oncology. Kasturba Hospital, 
Manipal-576 119, Karnataka, India 


The Cathetron, an automatic remote controlled afterloading 
device for treatment of carcinoma of the cervix, was first 
described by O'Connell et al in 1965. This machine has been 
used in Manipal for treatment of carcinoma of the cervix for 
more than 6 years, using the treatment regimen for early and 
late cases as described by Joshn in 1971. Most of the 
complications using high dose-rate afterloading are supposed 
to appear within 3 years. We presented our early experience of 
treating 186 cases of carcinoma of the cervix and uterus with 
the Cathetron at the Encuentro of the working party meeting 
held in Mexico, August 1982. The 4-year survival rates and 
complications were reported at the Encuentro following the 
working party meeting held at Bangkok and Pattaya, January 
1985, in which we analvsed our results by the life table or 
actuarial survival method, and an overall survival of 77% and 
6394 disease-free survival were found. The figures for UICC 
Stage IB (49 cases) were 93% and 89% respectively. The 
following major complications were encountered up to 4 years: 
radiation proctitis, five cases; stricture rectum, two cases; 
intestinal obstruction with gangrenous loop of bowel, one case; 
vesico vaginal fistulae, two cases; obstructive uropathy 
requiring ureterostomy, one case. 
The 5-year results are presented at this conference. 


THE STUDY OF ZINC IN ONCOLOGY 
L. Grant 
Glasgow Institute of Radiotherapy and Oncology 


At the 3rd Annual Congress of ESTRO a poster was used to 
illustrate the effects of zinc supplements on the healing of 
radionecrosis, and the relationship of zinc to the 
pituitary—adrenal axis and stress mechanisms. Acceleration of 


tumour growth in C3H mice implanted with mammary 
adenocarcinoma has also been found in zinc supplemented 
animals. Considerable variation in urinary zinc outputs and 
plasma levels in patients undergoing radiotherapy have been 
found which reflect catabolic/anabolic sequences. 

This paper discusses the behaviour of untreated metastases 
from anaplastic tumours after radiotherapy to the primary. It 
is concluded that the rate of cell division in such metastases 
mirrors the catabolic or anabolic status of the patient to the 
extent of making the timing of chemotherapy significant. 


VAGINAL PACKING AND ITS INFLUENCE ON DOSE-RATE TO 
THE CRITICAL STRUCTURES DURING PELVIC 
BRACHYTHERAPY, A CASE REPORT 


E. Dvorak and S. Song 


Department of Radiation Medicine, Georgetown University, 
Georgetown Radiation Medicine Associates, Clinton, Maryland, 
USA 


The indications for vaginal packing during pelvic 
brachytherapy are discussed. A case history is presented where 
the packing had to be removed in a semi-emergency situation, 
and was accomplished without disturbing the applicators. 

A 64-year-old multipara with endometrial carcinoma, Stage 
HB, was referred for pre-operative radiotherapy. She received 
whole-pelvis irradiation. followed by the insertion. of a 
Fletcher-Suit afterloading applicator system. Several hours 
following the insertion, she developed vaginal and hypogastric 
burning sensation not responding to diphenhydramine hydro- 
chloride. A vaginal tear or hypersensitivity to packing gauze 
impregnated with sulfonamide was suspected, even though the 
allergy history was negative. Upon the removal of the packing, 
the vaginal mucosa showed focal hyperaemia with a few 
erosions resembling aphthae. To prevent the applicators from 
slipping. a short saline-soaked gauze was inserted into the 
vagina and the major labia was sutured. Detailed dosimetric 
data are presented to demonstrate that packing can be 
removed pending the resimulation with new dosimetric 
calculations without prohibitively increasing the dose to the 
critical structures. 


Royal College of Radiologists’ George Simon Lecture (sponsored by Picker International) 


RALEIGH S REVENGE 
N. M. Bleehen 


Department of Clinical Oncology, Addenbrooke's Hospital, 
Cambridge 


Four centuries after the introduction of tobacco from the New 
to the Old World, it has become one of the major killers in 
modern society. Scientific and social awareness of the problem 


has yet to make a major impact on the prevention of the 
majority of tobacco-related diseases, which kill around one 
million people a year. 

The treatment of lung cancer is still relatively unsuccessful. 
Surgery is only appropriate for a small proportion. and 
curative for even less. Non-surgical treatments with radio- 
therapy and chemotherapy have only made an impact in small 
cell lung cancer. Improved diagnostic and therapeutic 
techniques are required and these requirements are discussed. 
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Biological Basis of Radiological Protection and its Application to Risk Assessment: 


One Day Seminar 


Chairman: Professor R. J. Berry 


Cancer induction and non-stochastic effects, by Professor A. C Upton 
Hereditary effect of radiahon—some evidence from animal experiments, by Dr M. F. Lyon 


Embryo and fetus, by Dr R. H. Mole 
Chairman Dr F. D. Sowby 
ICRP recommendations, by Dr M. C. Thorne 


Practical implementation of ICRP recommendations, by Mr P. F. Beaver 


Radiation risks in perspective, by Sir Edward E. Pochin : 


CANCER INDUCTION AND NON-STOCHASTIC EFFECTS 
A. C. Upton 


Institute of Environmental Medicine, New York University 
Medical Center, USA 


The mechanisms of carcinogenesis are not known 1n but 
there is strong evidence that cancer usually arises from a single 
transformed cell Hence, altho the of carcino- 
genesis appears to require a multiplicity of changes in the 
affected cancer-forming cell (such as may be associated with 
successive stages of tumour initiation, tumour promotion, and 
tumour progression) only one such change induced by 
radiation 1n an appropriate cell may be conceived to increase 
the probability of neoplama in a suitably susceptible individual. 
For this reason, carcino effects of radiation, like 
mutagenic effects of radiation, are considered for purposes of 
radiological protection to have no threshold and to behave as 
stochastic phenomena In contrast, certain other effects of 
radiation, such as cataract of the lens, infertility, and 
d on of the bone marrow, require the killing of many 
cells in the affected o Pide at R a with the 
extent of cell loss and have thresholds of detectability which 
depend on the sensitivity with which the consequences of cell 
loss can be measured. 


HEREDITARY EFFECTS OF RADIATION: SOME EVIDENCE 
FROM ANIMAL EXPERIMENTS 


M. F Lyon 
MRC Radiobiology Unit, Chilton, Oxfordshire 


Data on hereditary effects of radiation ın man remain very 
lumited, and hence estimation of genetic. hazards is based 
largely on results from animals 

n males extensive work on gene mutations and chromo- 
some aberrations has shown that not only reduction of dose- 
rate but also fractionation of the dose can reduce the 
mutational yreld, and such effects may be due to changes in the 
cell population structure with prolonged or repeated treat- 
ment. In female mice the dose-response relationship for gene 
mutation is curved, probably due to the effects of DNA ir 
Mouse primary oocytes, w receive the nor ee of the 
lifetime dose, are very insensitive to mutation by radiation, but 
it 1s not yet known whether all species are equally insensitive. 

A major part of the incadence of genetic disease in man is 
due to conditions of complex or irregular inheritance, such as 
congenital malformations. There has been doubt whether the 
incidence of such diseases would be altered by a change in 
mutauon rate. It is now known that the frequency of 
congenital malformations among the offspring is increased by 


uradiation of either male or female mice before conception 
and the effect can be transmitted to the second generation 
However, the increases are relatively small 

Similarly, until recently there has been doubt whether 
chromosomal non-disjunction (which in man w a cause of 
Down’s syndrome) was =smecreased by — irradiation. 
Dose-response curves for the induction of non-disjunction in 
mature or oocytes of mice have now been obtiuned. 
However work involved relatively high doses and senmtive 
stages. The effects of low dose-rates, in primary oocytes, 
remain to be investigated 


EMBRYO AND FETUS 
R. H Mole 
Oxford 


The few years have shown major changes in attitudes to 
E of irradiation of the developing m utero. 

phasis has switched from the t few weeks after 
conception and the possibility of unwitting exposure of 
conceptus or embryo, to a much later stage of development, 
the third to fifth lunar months after the last menstrual period 
At this early fetal sta the fore-brain is the most 


radiosensitive o The o tions and concepts leading to 
this change are discus 


ICRP RECOMMENDATIONS 
M. C. Thorne 


International Commusston on Radiological Protection, Sutton, 
Surrey 


The current recommendations of the ICRP, published in 1977, 
identify two t of effect against which protection is 
requred “St te” effects are those for which the 
probability of an effect occurring, rather than its severity, is 
as a function of dose without threshold, whereas 
"non-stochastic" effects are those for which the seventy varies 
with the dose and for which a threshold may occur The 
system of dose limitation recommended by the ICRP 1s based 
on the prevention of non-stochastic effects and limitation of 
the probability of stochastic effects to levels deemed to be 
acceptable 
The prevention of non-stochastic effects 1s achieved by 
setting dose-equivalent limits at values such that no threshold 
dose would be reached, even following exposure for the whole 
of a lifetime or for the total period of a working life. The 
limitation of stochastic effects is achieved by keeping all 
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justifiable ex as low as is reasonably achievable, 
economuc and social factors being taken into account, subject 
to the constraint that reductions 1n collective exposure do not 
cause unacceptably large individual exposures. 
The formulation of a quantitatrve system of dose limitation 
based on these principles requires that judgments be made on 
several factors including. 
(a) relationships between radiation dose and the induction 
of deleterious effects for a vanety of end-points and 
radiation 
(b) acceptable Ils of risk for radiation workers and 
members of the public; 
(c) methods of asseasing whether the cost of mtroducing 
protective measures is justified by the reduction in 
radiation detriment which they will provide 
In the case of patents deliberately exposed to iomsing 
radiations, the objectives of radiation protection differ 
somewhat from those applying to workers and members of the 
publc For patients, nsks and benefits relate to the same 

n, and upper limits on acceptable risks may differ grossly 
rom those appropriate to normal individuals For these 
reasons, and use of its histoncal relationship with the 
International Congress of Radiology, the ICRP has given 
special consideration to radiation protection in medicine and 
has published reports on protection of the patient in diagnostic 
radiology and 1n radiation therapy 


PRACTICAL IMPLEMENTATION OF ICRP 
RECOMMENDATIONS 


P. F. Beaver 
Health and Safety Executive, London 


The presentation describes how ICRP recommendations are 
transmitted to the Government of the UK and the scrutiny 
which they undergo in that process The essential features of 
any legislation, namely clanty and enforceability, are ident- 
fied, as 1s the part played by consultation with persons affected 
The practical outcome in terms of regulations and codes of 
practice is described in general terms and specific examples are 
taken from the tons and codes showing how the 
principal aspects of [CRP recommendations ring on 
radiation msks have been incorporated The presentation 
argues that the value of ICRP recommendations to the drafter 


of legislation is their general acceptability, giving a firm basis 
for requirements, REMO which too frequent and too positive 
detailed recommendations provide an unfortunate offset 


RADIATION RISKS IN PERSPECTIVE 
E. E. Pochin 
National Radiological Protection Board, Chilton, Oxfordshire 


In using radiobiological or epidemiological data for radiation 
risk assessments, it is important to express a realistic 
perspective on the sizes and kinds of msk involved, in relation 
to other nsks to which people are normally exposed 

For ionising radiation, as for other agents that may have 
carcinogenic or mutagen effects which are induced without 
threshold and expressed after long latency, estimates of risk 
must be predictrve. It is, therefore, necessary to 
review the uncertainties involved in such assessments 
Similar uncertainties apply to many of the occupational or 

ublic risks with which radiation risks need to be compared. 

oreover, the differences in kind of these various risks, and 
the different circumstances under which they are incurred, call 
for a broader review than only of the numerical probabilities 
of stated harmful effects. 

Uncertainties affecting radiation risk estimates for individual 
organs include various questions organs continue to 
develop malignancies long after exposure, as in the thyroid and 
lung, or fail to do so, as for kukaemia and bone sarcoma; how 
should total cancer induction be denved from data on 
indrvidual organs, what is the likely form of the dose—eífect 
relationship for high and low LET radiations at low dose; and 
how should the induction rate for curable cancers of different 


o be estimated? 

Rasks of causing inheritable abnormalities depend substan- 
tially upon inferences from effects in rodents, with some 
uncertainbes in man about the detnment from effects of 
multifactonal determination or of recessive mutations, and on 
differences in sensitivity of male and female cells. Risks 
of inducing developmental abnormalities d critically 
upon whether even a smali threshold is likely to apply in the 
causation of mental retardation or of lowering of intelligence 
quotients 

Such uncertainties, and problems in achieving the necessary 
comparisons with other A are discussed 


Note full papers from this semmar will be published together in a forthcoming issue of the Journal 
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Radiation Protection 


Chairman: Mr D. Gifford 


Measurements of the relative biological effectiveness of 24 keV neutrons, and their implications for radiation protection, by Dr 
P D. Holt, Dr G R. Morgan, Mr C J Roberts and Mr J A. B. Gibson 

Radiation doses and risks to neonates m a special care baby unit, by Dr K Faulkner and Miss J. L. Barry 

The effect on staff exposures during interventional radiology, following the introduction of an L/U-arm digital fluorographic 


system, by Miss J. Clark and Dr B. Heaton 


The dose-rate levels around patients contaming radionuclides for diagnostic purposes, by Dr K. J. Ugboma, Dr M. F. Cottrall 


and Dr A.J. W Hilson 


A national survey of doses to patients during 10 common types of X-ray procedure in England, by Dr P. C. Shrimpton and Mr 


B. F. Wall 


Towards the development of guidelines for radiographic practice to prevent radiogenic cancers in diagnostic radiology, by Dr 


I P Matthews and K. Rogers 


MEASUREMENTS OF THE RELATIVE BIOLOGICAL EFFECTIVE- 
NESS OF 24 KEV NEUTRONS, AND THEIR IMPLICATIONS FOR 
RADIATION PROTECTION 


P D. Holt, G R Morgan, C J. Roberts and J A. B 
Gibson 


Environmental & Medical Sciences Division, Harwell 
Laboratory, Didcot, Oxfordshire 


Measurements have been made of the relative biological 
effectiveness (RBE) of a high-intensity filtered beam, consisting 
mainly of 24 keV neutrons from the PLUTO reactor, for the 
production of cell killing and chromosome aberrations in 
stationary-phase Chinese hamster (V79) cells. The RBE for cell 
killing, relative to acute X rays, was 2.2 3:0 5 at a 37% survival 
level, and 2.7 -0 6 at low doses. Similar values were obtained 
for the production of dicentncs The dose mean linear energy 
transfer (LET) of the neutron spectrum was 62 keV iim! Our 
RBE values are lower than those measured by Thacker et al 
(1979) for V79 cells using track segment irradiations at similar 
values of LET, and the values are also lower than those 
measured in V79 cells by Hall et al (1975) for neutrons of 
higher energy but similar mean values of LET. The 
implications of these results for radiation protection are 
considered, 
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RADIATION DOSES AND RISKS TO NEONATES IN A SPECIAL 
CARE BABY UNIT 


K. Faulkner and *J. L. Barry 


Physics Department, Christie Hospital and Holt Radium 
Institute, Manchester and "X-ray Department, Hope Hospital, 
Salford 


Neonates in a special care baby unit often require radiography 
to follow the progress of their treatment This may mean that 
neonates have a large number of radiographs d their stay 
in hospital The initial aim of this stud Nor ib calculate the 
radiation dose to nconates from a knowledge of the technique 
factors, tube output and beckscatter factors. Doses to a 


number of organs were determined from normalised organ- 
dose data. Somatic and genetic risks were estimated from the 
radiation doses to these organs. After this initial study, it was 
decided to attempt to reduce the radiation dose and, o 
the risks, by altering the technique factors In addition, a lead 
rubber adjustable collimator was introduced which was 
adapted from an earlier design (Appleton & Carr, 1984) 
Radiation doses and nsks were then calculated and com 

with the results of the initia] study. results indicate 
that both the radiation dose and risks have reduced. In 
Peru aa aa ata ec, 
to 04 mGy 


REFERENCE 
APPLETON, M B & Carr, R 3., 1984 Radiation protection in 
a neonatal intensive unit: a practical approach ography, 
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THE EFFECT ON STAFF EXPOSURES DURING INTER- 
VENTIONAL RADIOLOGY, POLLOWING THE INTRODUCTION 
OF AN L/U-ARM DIGITAL FLUOROGRAPHIC SYSTEM 


J. Clark and B. Heaton 


Department of Bio-Medical Physics and Bro-engineering, 
University of Aberdeen 


The radiation doses to the fin of radiolo pee 
interventional radiology at A een Royal I are 
discussed, First results from finger monitoring indicate that 
certain radiologists who regularly perform these procedures 
(on units with undercouch tubes and units with overcouch 
tubes) approach the reference level recommended by the ICRP 


for openana] se each to radiation. A digital fluorographic 
system recently been installed in the hospital, and a 


comparison is made of the finger doses received when 
interventional radiology is performed on this unit with those 
resulting from conventional screening units 


THE DOSE-RATE LEVELS AROUND PATIENTS CONTAINING 
RADIONUCLIDES POR DIAGNOSTIC PURPOSES 


K. J. Ugboma, M. F. Cottrall and 
A. J. W. Hilson 


Royal Free Hospital School of Medicme, London 
Measurements have been made of the dose-rates at various 


positions around p to whom pharmaceuticals have been 
administered for diagnostic purposes. Time and motion studies 
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have also been made of various procedures to enable 
predictions to. be made of the dose which is hkely to be 
received by staff in a nuclear medicine department The results 
are discussed in comparison with theoretical predictions, and 
simple rules for use in radiation protection calculations have 
been developed. Implementation of the new lations 
requires consideration of the status of clinical and laboratory 
areas, and the exposure of individuals who enter them The 
work described provides evidence for the justification of the 
use of time-average dose-rates and enables tions 
to be made in compliance with the ALARA pnnaple. 


A NATIONAL SURVEY OF DOSES TO PATIENTS DURING 10 
COMMON TYPES OF X-RAY PROCEDURE IN ENGLAND 


P. C. Shrimpton and B. F. Wall 
National Radiological Protection Board, Chilton, Didcot 


Diagnostic radiology 1s the predominant man-made source of 
ionising radiation for the UK population. A survey has 
recently been esa rH is current pias of a 
for patients ng 10 mportant t of routine X-ray 
sania ons. Comprehensive dose information has been 
determined for nearly 3200 adult patents attending 20 
randomly selected English hospitals. Measurements were made 
with a transmission ionisation chamber to record the total 
exposure-area product for each examination and with 
thermoluminescent dosemeters attached to the patient's skin. 
This approach has enabled the derivation of both the mean 
energy imparted to the patient and the doses to all the major 
radiosensitive organs using the results from an extensive series 
of Monte Carlo computer calculations employing a mathe- 
matical phantom. 

The design and techniques of the survey are bnefly described 
and results are discussed for various measured and calculated 
dose quantities, Histo are presented illustra the wide 
distributions often o in the doses for type of 
examination. It :s hoped that the basic data from this survey 


Uroradiology Update 


Chairman: Dr J. B. Penry 
Four dimensions 1n uroradiology, by Professor T. Sherwood 


wil represent a useful baseline for any future dose 
measurements on patients. Furthermore, the present study will 
enable the assessment of the radiation risks from the selected 
radiological procedures 


TOWARDS THE DEVELOPMENT OF GUIDELINES FOR RADIO- 
GRAPHIC PRACTICE TO PREVENT RADIOGENIC CANCERS IN 
DIAGNOSTIC RADIOLOGY 


I. P. Matthews and K. Rogers 


Wi dou of Epidemiology & Community Medicine, 
miversity of Wales College of Medicine, Cardiff 


ge ene sare o Very ee Ue Ol DEOR 1o low doses of 
diagnostic radiation may produce of the order of 300 extra 


cancers in the population exposed, according to current 
estimates, A of patient ex in diagnostic X-ray 
departments throughout Wales in October 1983 The 
study is being conducted under auspices of the Royal 
College of Radicloauts (RCR) with funding from the Medical 
Research Council. A large vanation in patient exposure has 
been found to exist between departments for a given 
examination Practitioner. choices with regard to proyection, 
film-screen combination, number of per procedure, 
size of film, kilovoltage and filtration etc all contribute to the 
wide range of exposures observed. The relative significance of 
the factors determining this vanation was computed and the 
distribution of exposure was obtained for each of the 11 most 
frequently performed procedures Based on this information, it 
is estimated that approximately 80% of the substantial number 
of extra cancers arising from these examinations could be 
prevented by implementation of suitable guidelines armed at 
reducing inte tal variations in patient exposure The 
development of guidelines will follow the sequence adopted 
the RCR for pre-operatrve chest radiography and sku 
radiography 


The present state of ultrasound in the unnary tract, by Dr J. Haworth 
Radionuclide imaging of the urinary tract, by Professor E Rhys Davies 


Percutaneous renal angi 


in the management of renovascular hypertension and in the preservation of renal function, by 


Professor R. G. Gramger and Dr D. C. Cumberland, and A. Proctor 


FOUR DIMENSIONS IN URORADIOLOGY 
T. Sherwood 
Addenbrooke's Hospital, Cambridge 


Radiological investigation of the urinary tract rested on 
structural studies alone for the first quarter of this century. 
plain dae dun and retrograde pyelogram. The intravenous 
ogram dominated everything until some 20 years ago. 
turning into the intravenous urogram , the technique 
new areas of interest for y Firstly, the 

structure of renal parenchyma could be discerned in the 
Arie Secondly the IVU was full of functional 
ormation in regard to renal excretion and urine t rt 
Teanng all this apart, and understanding the potential the 


limitations of these vanous com ts, had to wait almost 
another half century. Studies of contrast medium excretion 
and of acute versus chronic obstruction in the 1960s helped to 
clarify functional events seen on the IVU. The structural 
limitations, already obvious on angiography, became clearer in 
the 1970s with the arnval of CT 
The most important developments for unnary tract 
diagnosis have advanced m two directions separating 
structural and functional studies’ ultrasound and radionuclide 
techniques. Because these are effective and of reasonable cost, 
have between them ousted the [VU There are and 
bad reasons for clinging to the IVU as an occasional tochold 
Departments certainly have to rethink their allocation of 
resources on unnary tract studies, including mterventional 
manoeuvres 
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THE PRESENT STATE OF ULTRASOUND OF THE URINARY 
TRACT 


J. M. Haworth 
Southmead Hospital, Bristol 


Ultrasound ıs increasingly in demand as an investigation 
forming of the basic diagnostic pathway of uninary-tract 
abno ties Its major influence in the upper urinary tract 
remains in the differential diagnosis between solid and by 
lesions of the kidney found at excretion phy. The 
distin g features between a simple , solid tumour and 
necrotic tumour and the identification o malignancy within a 
cyst are well known to all I therefore concentrate on some 
EE AD DURCH 
r ultrasound examinations of the scrotum 
trasound of the scrotum has been performed in well over 

110 men, with a variety of scrotal patholo Although many 
are easily amenable to diagnosis by examination, this is 
at umes frustrated by local tenderness, tense intrascrotal fluid 
collections or gross disorganisation of the anatomical 
landmarks by the diseased process. It 1s ın these cases that the 
value of ultrasonography of the scrotum has enabled the 
distinction between tense hydrocoeles and dymal cysts, 
and, most importantly, the identification of the underlying 
normal testicle. The differentiation between an inflammatory 
process and tumour 1s also feasible, by g Ard 
reference to the longitudinal diameter o? t ied 
Differentiation between the various tumour Dod. eim not 
proved as reliable. Several cases of intratesticular abscess have 
also been correctly SIRE OM DIC: pre-operatively The operative 
management of cases of trauma have also been influenced by 
demonstrating that the testicle itself is intact, underlying the 
accompanying haematoma In cases with acute inflammatory 
epididymo-orchitis, follow-up scans have indentified a group 
which show the changes of post-inflammatory infarction of the 
tesicle. Work 1s proceeding to try and see if there are 
indentifiable features on the initial scan, which can predict the 
outcome of infarction. 

Ultrasound remains a cheap, non-invasive method of 
investigation for a wide range of intrascrotal pathologies 


Hepatobiliary System and Pancreas Update 


Chairmam Dr J. P. Virjee 
Review-—liver and pancreas, by Dr W. R. Lees 


RADIONUCLIDE IMAGING OF THE URINARY TRACT 
E. Rhys Davies 
University of Bristol 
The subject is briefly reviewed 


PERCUTANEOUS RENAL ANGIOPLASTY IN THE MANAGE- 
MENT OF RENOVASCULAR HYPERTENSION AND IN THE 
PRESERVATION OF RENAL FUNCTION 


R. G. Grainger, *D. C. Cumberland and *A. Proctor 
Royal Hallamshire Hospital and * Northern General Hospital, 
Sheffield 


is 35 patients subjected to percutaneous transluminal renal 
ngioplasty for renal artery stenosis in Sheffield have been 
fol owed for up to 45 months Of 18 patients with 
atheromatous renal artery stenosis, 17 are considerably 
improved with reduced hypertension and a reduction of 
ee iE drugs. Seven are now normotensive and not 
ving any drugs Six patients had fibromuscular hyper- 
cepa one or more arteries. all six are improved, with 
reduced hypertension. One patient is normotensive without 
drugs Five patients had severe arterial stenosis of a transplant 
kidney with severe hypertension All five were improved by 
angioplasty and the transplant was saved in several patients. 
Six patients had angioplasty pnmaniy for renal tissue salvage 
as had severe arterial stenosis to a solitary functioning 
kidney In all mx cases renal function was improved the 
angioplasty and in four the hypertension was reduced 
were no s t operative complications. 

Our expenence in Sbeffeld is that percutaneous renal 
angioplasty is a very satisfactory procedure with low 
morbidity, very encouraging improvement 1n h ension and 
considerable potential for salvage of functional renal tissue. 


Quantitative tissue characterisation m pancreatic disease using MRI, by Dr J. P. R. Jenkins, Professor I. Isherwood and Dr J. 


B 


McKenzie and R. Hangartner 


raganza 
Revised cnteria for detection of hepatic steatosis and fibrosis, by Dr A. E. A. Joseph, Dr E. J. Adam, Dr K C. Dewbury, Dr J. 


Percutaneous pancreatography—a description of the technique and a review of 75 cases, by Dr C W. Heron and Dr W R. Lees 


REVIEW: LIVER AND PANCREAS 
W. R. Lees 
Middlesex Hospital, London 
This review assesses the current status of imaging, detection 


and diagnosis of focal and diffuse liver disease and the most 
appropnate biopsy techniques are outlined for the most 
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common clinical situations diffuse liver. disease, diffuse hver 
disease with contra-indication to conventional biopsy, 
metastases, vascular iver tumours, hydatid disease, and biopsy 
in hepatitis and AIDS S diagnostic topics covered are 
fatty infiltration, chronic liver disease, detection of metastases 
and the radiological diagnosis of benign and malignant lrver 
tumours 
In the pancreas the emphasis is on the underlying patholo 

P n I Ic ae ee the 
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morphology recognised by mamng techniques The radio- 
logical natural history and evolution of acute splayed and 
chronic pancreatitis, and pancreatsc cancer are displa 

the role of radiology at the clinical decision points 1s 


QUANTITATIVE TISSUE CHARACTERISATION IN PANCREATIC 
DISEASE USING MAGNETIC RESONANCE IMAGING 


J. P. R. Jenkins, I. Isherwood and *J. Braganza 


Departments of Diagnostic Radiology and *Gastroenterology, 
ÜURINTSIDI of Manchester 


Ld ndi ee bored idu E 
relaxation times in the normal and diseased pancreas. Forty 
patients (age range 20-84 years) with clinical evidence of 
pancreatic disease were studied with. MRI and dynamic 
contrast-enhanced CT. In eight normals, including five 
volunteers (ape range 27—74 years) MRI alone was performed. 
A Picker International nductin gp m eru 
operating at 0 26 T was used for MRI The MRI 

calculation of the T, and T, relaxation times and proton 
density using 28 previously described multipomt iterative 
method (Hickey et al, 1986), which has been used successfully 
in other clinical studies (Jenkins et al, 1985) An additional 8- 
image multisection inversion-reco sequence was performed 
in the sagittal and/or coronal plane tor morphol display 
eines the 40 patients studied, 28 had adequate MRI data on the 


MEAN PANCREATIC T, AND T, VALUES WITH STANDARD ERRORS 
POR BOTH PATIENT AND CONTROL GROUPS 


Control Pancreatic Chronic pancreatitis Acute 
(n = 8) tumour  ———z——— — ——— pancreatitis 
(n es 5) Calcification No (n x: 2) 
(n = 8) calcification 
(n = 9) 
T, *545438 676+77 — *812+36 *522+59 5454303 
T, 5842 657 6534 5515 +42 


*highly significant difference P < 0 001 


There is a highly significant difference Edad A an = 
measured T, ues between the control coup ane 
patients with chronic pancreatitis who exhibit barnes on 
CT Similarly a highly significant difference (P < 0 001) in the 
calculated T, values of the chronic pancreatius group was 
found between those patients who exhibit calcification on CT 
and those who do not Although calcium itself gives no MR 
8 its presence has a significant effect on pancreatic 

axation times. These results indicate that calculated 
relaxation umes can differentiate normal from some patho- 
logical pancreatic tissue 
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REVISED CRITERIA POR THE DETECTION OF HEPATIC 
STEATOSIS AND FIBROSIS 


*À. E A. Joseph, E. J. Adam, *K. C Dewbury, 
tJ. McKenzie and TR. Hangartner 


and $ Depar ‘of dg i Nuclear Medicine and Ultrasound, 
Iment Hs logy, St George's Hospital, London 
Eie Eee tiii of Radiology, Southampton General Hospital 


Attenuation of ultrasound has in the past been considered a 
characteristic feature of cirrhosis and therefore useful in 
distin it from steatosis alone. Other authors have 
that attenuation i$ a variable feature with 
steatosis These conclumons have been drawn using 35 MHz 
and 225 MHz frequences Our studies, umng 5 MHz 
frequency, indicate that beam attenuation 1s a characteristic 
feature of steatoms In mild cases, when 3.5 MHz frequency 
was used, this effect disa and the characteristic echo 
texture obtained with 5 MHz was lost. Moderate to severe 
steatosis, however, does show some degree of beam attenua- 
tion with 3 5 MHz en) 
We also found tha brosis alone, in the absence of steatosis 

is not associated with beam attenuation Beam attenuation, 
when seen in curhosis, 1s probably due to accompanying fatty 


ge 

Tbe ultrasound findings were correlated with histological 
evidence obtained by hver bio or at post-mortem 
examination in 85 patients We conclude that beam attenua- 
tion should be conmdered a characteristic feature of steatosis 
when using 5 MHz frequency, and that this should be used 
routinely. Good beam penetration should be considered 
characterssbc of cirrhosis or fibrosis unaccompanied by 
steatosis. These revised criteria are a complete reversal of those 
stated in the literature hitherto 


PERCUTANEOUS PANCREATOGRAPHY. A DESCRIPTION OF 
THE TECHNIQUE AND A REVIEW OF 75 CASES 


C. W. Heron and W. R. Lees 
Department of Imaging, The Middlesex Hospital, London 


Since 1982, percutaneous pancreatography under ultrasound 
guidance has been emplo at The Mi Hospital to 
assist in the diagnosis and management of a select group of 
patients We describe the technique and present our experience 
of the first 75 cases performed in this department. 

The main Duo of the procedure is to assist in tumour 
localisation in needie aspiration biopsy (FNAB) of the 
pancreas Our results demonstrate 
radiographic localisation by percutaneous pancrea PDT 
and ultrasound guidance 1s used, the sensitivity of 
increased The technique 1s also useful in order to document 
accurately the appearance of the pancreatic duct pnor to 
pancreatic surgery. It is particularly applied in cases where 
endoscopic retrograde pana ahd it may not be possible, 
for example 1n some patients with a history of previous gastric 
surgery or pancreas divisum Percutaneous pancreatography 
has been used in addition to evaluate pancreatic. masses 
occurring in. patients with concurrent eR eerie In 
this instance pancreatography has enabled tation of 
areas of inflammation from caranoma 

We conclude that percutaneous pancreatography 1s a safe 
and reliable technique which may be performed using standard 
ultrasonic equipment It plays a valuable role ın the 
investigation of selected patients with pancreatic disease 


that when a combination of 
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Cardiac Radiology 


Chairmar: Professor I. Isherwood 


Heart size in AP chest radiographs, by Dr J. E. Kabala and Dr P Wilde 

The anatomical and pathological bess for ECG changes during selective coronary artenography, by Dr M. Papouchado, Dr 
D. W. Pitcher, Dr M A. James, Dr P. R. Walker and Dr P. Wilde 

MRI in the assessment of coronary artery bypass graft patency, by Dr J. P. R. Jenkins, Dr H. G. Love, Dr C J. Foster, 


Professor I. Isherwood and Dr D. J Rowlands 


Non-invasive monitoring of left ventricular function using pulsed Doppler ultrasound, by Dr K S. Channer, Dr W Culling, Dr 


P Wilde and Dr J V Jones 


Drpyndamole combined with exercise in ?"'T] cardiac imagmg, by Dr C. Hamilton-Wood, Dr P. R. Walker, Dr M. A. James 


and Dr P Wilde 


Myocardial imaging with 17-(123-10do)-heptadecanox acid, by Dr P G. P. Stoddart, Dr M. Papouchado and Dr P. Wilde 
phase and amplitude analysis of gated cardiac studies, by Dr B. L Rahim, Dr R. J Burwood, Dr S. W. Ellacott and 


Dr J. E. Lutkin 


Cine CT—a new maging technique for cardiac disease, by Dr M R. Rees, Dr W J. Eldredge, Dr R. M MacMillan and Dr 


D. L Clark 


Imaging of adult and paediatric heart disease by cine CT using new obhque views, by Dr M. R. Rees, Dr R M MacMillan, Dr 
W. J. Eldredge, Dr A J. Feinng, J A. Rumberger, H. Naidech and Dr D. L Clark 

A new method for display of anatomical and functional information obtained by magnetic resonance on a single colour image, by 
Dr R H. Kiipstein, Dr D. N. Firmm, Dr S. R Underwood, Mr G. L. Nayler and Dr D. B. Longmore 


HEART SIZE IN ANTERO-POSTERIOR CHEST RADIOGRAPHS 
J E. Kabala and P. Wilde 


Department of Radiodiagnons, Bristol Royal Infirmary 


Heart sue is usually measured on a PA film, but the patient's 
condition may prohibit this The alternative use of an AP film 
is traditionally considered unsatisfactory because of variables 
that include focus-film distance, magnification and the AP 
relationship of the beart to the chest wall. The contribution of 
these vanables was studied in order to establish a standardised 
approach and define its limitations. The effects of cardiac 
disease were assessed by measuring cardiothoracs ratio (CTR) 
and transverse heart diameter ) on technically satisfactory 
standardised AP chest radiographs of two groups of patients 
Group A. 103 petients with no historical or other 
evidence of heart disease or failure; 96% (99/103) had a CTR 
"RE of 165 mm or 


A with known cardiac failure, 92% 
97/10) hae had a ter than 55% (median 62%) and 100% 
95/106) had a TD above 165 mm 
It 1s shown that upper limits of 165 mm (TD) and 55% 
(CTR) allow useful duscrimination of normal from abnormal 
heart size 


THE ANATOMICAL AND PATHOLOGICAL BASIS POR 
ELECTROCARDIOGRAPHIC CHANGES DURING SELECTIVE 
CORONARY ARTERIOGRAPHY 


M Papouchado, D W. Pitcher, M. A. James, P. R. 
Walker and *P. Wilde 


Departments of Ca diology and * Radiodiagnosis, Bristol Royal 
Pe A Bristol 


Electrocardiographic changes during selective coronary 
artenography are well recognised but have not hitherto been 
closely co ted with coronary anatom tholo 
siiltaneos ECG leads (I or aVL an or aV 


Two 
were 


and 
H, H 


recorded dunng each of 927 selective coro Injections in 
185 patients. Coronary anatomy was im case 
using a detailed diagrammatic reporting technique Electro- 
cardiographic changes were of two main types a perfusion 
response (increase in R-wave amplitude and I-wave inversion) 
or an opposite reciprocal response The traces were indepen- 
dently analysed for the presence of these responses. 

Perfusion responses correlated highly with diffenng 
anatomical distnbution when left and mght coronary artenes 
were injected In lar, ECG changes reflected the 
differing blood supply of the inferior left ventricular surface 
(119 out of 126 patients with right dominant, 16 out of 20 
patients with left dominant, two out of two patients with 
mixed dominance) In 33 out of 37 patients with left coronary 
injections filling occluded nght dominant vessels, a delayed 
perfusion response was evident infenorly Fifteen patients with 
extensive myocardial infarction or dilute contrast-medium 
injections had no significant changes Varying degrees of 
stenosis did, not affect distribution of responses in patent 
arteries 


MAGNETIC RESONANCE IMAGING IN THE ASSESSMENT OF 
CORONARY ARTERY BYPASS GRAFT PATENCY 


J. P. R. Jenkins, *H. G. Love, *C. J Foster, 
I Isherwood and *D. J. Rowlands 


Departments of Diagnostic Radiology and * Cardiology, 
University of Manchester 


The patency of coronary artery bypass grafts as assessed by 
MRI was compared with coronary E arteriography and/or 
CT peer! patients (age range 3 years) were studied pre- 
and tively by MRI performed on a Picker 
tea superconducting ma system operating at 
0 26 T. Electrocardiogram-gated MR images were obtained in 
the transverse, sagittal and coronal planes using a spin-echo, 
multisection sequence. Coronary graft arteriography was 
performed in [5 patients, CT alone in four and combined 
with arteriography in three A total of 54 grafts were studied... 
aud the results aie sHownon the Dable-Delow. x 
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CORONARY ARTERY BYPASS PATENCY:COMPARISON OF MRI WITH 
CORONARY GRAFT ARTERIOGRAPHY AND/OR CT 





Arteriography/CT 

~i — 

MRI + 3} 5 
— 3 15 


Sensitivity of MRI for detection of graft patency = 91% 
Specificity of MRI = 75% 
Accuracy of MRI = 85% 


The transverse imaging plane was found to be the most 
useful in assessing graft patency by MRI. The reasons for the 
false negative and positive results are discussed in further 
detail. ft is concluded that MRI can detect a normally 
functioning coronary artery bypass graft and can be used as a 
non-invasive method for the assessment of coronary artery 
bypass graft patency in patients presenting with post-operative 
angina. 


NON-INVASIVE MONITORING OF LEFT VENTRICULAR FUNC- 
TION USING PULSED DOPPLER ULTRASOUND 


K. S. Channer, W. Culling, *P. Wilde and J. V. Jones 


Departments of Cardiology and * Radiodiagnosis, Bristol Royal 
Infirmary 


Haemodynamic assessment of left ventricular function has 
previously relied on invasive techniques. We have compared 
the ratio of the passive and active phases of mitral flow with 
left ventricular end diastolic pressure (LVEDP) measured at 
cardiac catheterisation in 20 patients (14 males) of mean age 
51.9 (range 36-62) years with ischaemic heart disease. None 
had clinical evidence of aortic or mitral valve disease and all 
were in sinus rhythm. Pulsed Doppler measurements of mitral 
flow were performed in the cardiac catheter laboratory using 
the apical view to position the sample volume in the mitral 
orifice. Doppler flow signals were recorded simultaneously 
with an electrocardiogram and LVEDP. Each spectrally 
analysed mitral valve flow trace showed two diastolic peaks. 
The first presented passive flow down the pressure gradient 
from left atrium to ventricle, and the second represented active 
flow due to atrial contraction. The mean of 10 consecutive 
recordings of the ratio of the areas of the two wave forms was 
calculated. The ratio was significantly correlated with LVEDP 
(r = 0.78 P < 0.001). Active mitral flow was lower with higher 
LVEDP. Mitral flow ratios of > 2 were always associated with 
LVEDP > 20mm Hg. This application of pulsed Doppler 
echocardiography provides a non-invasive method of 
estimating LVEDP. 


DIPYRIDAMOLE COMBINED WITH EXERCISE IN THALLIUM- 
201 CARDIAC IMAGING 
C. Hamilton-Wood, *P. Walker, *M. 
P. Wilde 


James and 
Departments of Radiodiagnosis and * Cardiology, Bristol Royal 
Infirmary 


A method is described in which pharmacological coronary 
vasodilatation with orally administered dipyridamole is 


combined with dynamic exercise for a new stress test for ??' TI 
imaging. In 38 patients with coronary artery disease the 
sensitivity, total number of defects, degree of redistribution 
and visual quality of °?°'Tl imaging were all greater after 
"dipyridamole-exercise" testing than after exercise alone. In a 
larger group of patients, dipyridamole-exercise testing gave a 
sensitivity for coronary disease of 87% and a specificity of 
92%. Dipyridamole also increased the sensitivity of the 
exercise electrocardiogram, so that every patient with 
significant coronary disease showed scintigraphic and/or 
electrocardiographic evidence of ischaemia. Among a total of 
193 patients, complications requiring reversal with amino- 
phylline have occurred in five, but no subsequent mortality or 
morbidity was incurred. The combined use of oral 
dipyridamole and exercise in this simple technique provides a 
reliable and safe improvement in ??! Tl imaging. 


MYOCARDIAL IMAGING WITH 17-(123-10D0)- 
HEPTADECANOIC ACID 


P. G. P. Stoddart, *M. Papouchado and P. Wilde 


Departments of Diagnostic Radiology and * Cardiology, Bristol 
Roval Infirmary 


The myocardial uptake of HDA is reduced by ischaemia and 
infarction. However, the metabolic clearance, measured as an 
exponential half-life, is prolonged in ischaemic myocardium, 
while it is reduced in infarcted myocardium, which is 
irreversibly damaged. This study aimed to see if the half-life of 
acutely infarcted myocardium was related to subsequent 
changes in the left ventricular ejection fraction (LVEF). 
Twenty patients had an HDA scan and a MUGA scan within 
6 days of acute myocardial infarction. Eighteen patients had a 
visible defect on the HDA images. The mean half-life of the 
areas of acute infarction (15.50-- 7.82 min) was significantly 
shorter than that of normal myocardium (20.77 +4.00 min). 
The MUGA scan was repeated after 6 months in 15 patients. 
The mean acute infarct half-life was longer in patients with an 
LVEF improvement of at least 5% at 6 months (16.92 + 10.56 
min) than in those with more than 5% deterioration 
(11.75+4.03 min), although the difference is not statistically 
significant. It was concluded that the infarct half-life of HDA 
cannot be used as a prognostic indicator because of the 
variable response in individual patents, 


DYNAMIC PHASE AND AMPLITUDE ANALYSIS OF GATED 
CARDIAC STUDIES 


B. L. Rahimi, R. J. Burwood, S. W. Ellacott and J. E. 
Lutkin 


Department of Medical Physics, Royal Sussex County Hospital 


Previous authors have reconstructed a Fourier series repre- 
sentation of the time~activity curves (TACs) obtained from 
gated cardiac studies, and taken the phase and amplitude of 
the first harmonic of each TAC to estimate it with a cosine 
curve, This is open to the objection that at any point in time, 
each TAC is in constant phase and amplitude relationship to 
every other TAC, a state of affairs which is obviously not true 
in practice and which hides significant cardiac information. 
Moreover, there are problems in reconstructing the TAC 
caused by the gated data acquisition. In this paper, we prove a 
result on reconstructing the TAC. Fourier analysis is then used 
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to provide a multiharmonic model of the TACs, and a 
definition of time-dependent phase and amplitude is extracted 
from the model and used to produce dynamic phase and 
amplitude images. This is carried out by taking the discrete 
Fourier transform of the TAC and then representing the 
dvnamic phase and amplitude to be the argument and the 
amplitude of half the terms. (The whole series simply 
reconstructs the TAC.) This proved to vary with time. This 
process is a method for representing the TAC as: 


AO = A(t) cos [B(0]. 


These parameters are used to produce dynamic phase and 
amplitude images. A dynamic study of the rate of change of 
volume of the heart is also displayed. The combination of 
dynamic functional studies is proposed as a tool for cardiac 
diagnosis. The progress to date on the clinical evaluation of 
the technique is also presented. 


CINE COMPUTED TOMOGRAPHY: A NEW IMAGING 
TECHNIQUE FOR CARDIAC DISEASE 


M. R. Rees, *W. J. Eldredge. R. M. MacMillan and 
D. L. Clark 


Killingbeck Hospital, Leeds and * Deborah Heart and Lung 
Center, Browns Mills, USA 


The Imatron C-100 scanner is a new development in cardiac 
imaging which allows image acquisition at 17 images/s at eight 
levels simultaneously. The scan time is 50 ms with an interscan 
delay of 8 ms. The scanner consists of an electron gun which 
produces a scanning electron beam magnetically focused onto 
four tungsten targets, each of which generates two X-ray 
beams collimated to 8 mm slices. The scanner has no moving 
parts. Cardiac function as well as structure can be investigated 
(Lipton et al, 1985). Early experience based on 200 adult and 
150 paediatric patients has demonstrated a wide clinical 
application of the technique. In the first 42 paediatric patients 
useful clinical information was obtained in all but one case 
with close agreement with catheterisation or echo (Eldredge 
et al, 1985a). In 10 cases of ventricular septal defect there was 
accurate localisation of the defect site (Eldredge et al, 1985b). 
The technique has also been found to be useful in complex 
congenital heart disease and cases of cardiomyopathy. Various 
cardiac disease have in adults been diagnosed by cine CT and 
confirmed by conventional imaging, including calcified con- 
strictive pericarditis, mitral valve stenosis and prolapse, left 
ventricular aneurysm and thrombus, atrial septal defect in 
which it was possible to quantify the degree of intracardiac 
shunting, and aorto-coronary artery bypass grafts in which 
graft patency in 21 patients showed 92% sensitivity compared 
to catheterisation (Rees et al, 1985). Regional wall motion was 
analysed in 15 patients with comparable results to catheterisa- 
tion. Prosthetic valves in 15 patients were studied and could be 
imaged with little streak artefact, demonstrating their 
movement. We conclude that cine CT can make a considerable 
een to the investigation of adult and congenital heart 
isease. 
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IMAGING OF ADULT AND PAEDIATRIC HEART DISEASE BY 
CINE COMPUTED TOMOGRAPHY USING NEW OBLIQUE 
VIEWS 


M. R. Rees, R. M. MacMillan, *W. J. Eldredge. A. J. 
Feiring, J. A. Rumberger, H. Naidech and D. L. Clark 


Killingbeck Hospital, Leeds and * Deborah Heart and Lung 
Center, Brown Milis, USA 


High-speed cine CT (17 images/s) offers a dynamic new 
modality for cardiac imaging. We have developed a series of 
oblique views for cine CT to aid investigation of cardiac 
anatomy and function. 

a) The short-axis view (Rees etal, 1985). This allows 
visualisation of all the left ventricular walls and is the method 
of choice for accurate estimation of global ejection fraction in 
adults (nine cases). This view is also useful in congenital heart 
disease to image the pulmonary outflow tract and aortic valve 
and to help in the diagnosis of complex congenital heart 
disease (five cases). This view complements the long-axis view. 
In paediatric patients it is produced by a clockwise table slew 
of 20-25" combined with a feet downwards table tip of 20°. In 
adult patients a greater tip is required and the patient's torso is 
elevated on a foam wedge with a final angle of 20-55. This 
view is analogous to the parasternal short-axis views obtained 
by two-dimensional echocardiography. 

b) The long-axis view. This allows visualisation of all four 
cardiac chambers and the aortic root and images the left 
ventricle in its longest dimension. This view is useful in 
congenital heart disease to localise ventricular (10 cases) and 
atrial septal defects (five cases), in adult cardiology to evaluate 
ejection fraction (MacMillan etal, 1985) (15 cases vs 
catheterisation) and regional wall motion (Rees et al. 1985) (15 
cases vs catheterisation). The long axis is achieved by a 
counterclockwise table slew of 20^ without table tilt. This view 
is analogous to the apical four-chamber view obtained by two- 
dimensional echocardiography. 

c) The modified long-axis view. This allows for visualisation 
of the aortic valve longitudinally. It is also useful to image the 
right ventricle in paediatric patients. This view 1s achieved by 
using 20-25? counterclockwise slew with 5-10" feet downward 
table tilt. 
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A NEW METHOD FOR DISPLAY OF ANATOMICAL AND 
FUNCTIONAL INFORMATION OBTAINED BY MAGNETIC 
RESONANCE ON A SINGLE COLOUR IMAGE 


R H. Klipstein, D. N. Firmin, S R. Underwood, 
G. L. Nayler and D. B. Longmore 


MR Unit, Nattonal Heart and Chest Hospitals, London 


Gated magnetic resonance can acquire cne mages of 
anatomical and flow information from the heart and blood 
vessels in a single study taking roughly 20 min We have 
developed a od whereby both anatomy and blood flow 
can be displayed on a single image, the anatomical information 
in mon me and the functional information in a colour 
corresponding to blood velocity 


Managing Radiology 


Chairman: Professor E. Rhys Davies 


Conversion of the anatomical and the functional images into 
an mage suitable for the colour display 1s achieved by 
computer processing A combination of thresholding and 
conditional display of functional information, depending on 
the magnitude of the co ng anatomical information, 
avoids excessive artefact due to noise on the functional mage. 

Blood flow in the forward direction is displayed in one 
colour and in the reverse direction in another, with a 
bnghtness proportional to the speed of flow Cine display, 
related to the hysiology of blood flow during the cardiac 
cycle, is Paracas y informative 

Composite colour cine images in the transverse, coronal and 
sagittal planes, for flow within the unage plane or perpen- 
dicular to it, have been constructed Flow in normal hearts and 
regurgitation through incompetent valves have been observed 
and quantified 


The development of radiological services—economic influences, by Mr J. Hutton 


Costs of imaging procedures, by Dr P. M. Bretland 


Failure in radiodiagnostic equipment—1mpbeations for the NHS, by Mr P. H Smithson and Mr J. A. Garrett 


Economic evaluation of clinical MRI, by Mr J. Hutton 
Management patterns m Bntish CT, by Dr S. J Golding 


The evaluation of CT scanning and the lumbar spine, by Dr P Kind, S Sms and P. Verow 


THE DEVELOPMENT OF RADIOLOGICAL SERVICES' 
ECONOMIC INFLUENCES 


J. Hutton 
Centre for Health Economics Unrversity of York 


In the radiologrcal field, research and development have 
consistently produced new and improved maging methods in 
the post-war penod Improved clinical performance has been 
the measure of success, with cost-effectiveness a secondary 
consideration. When budgets are tghtly constrained, hard 
decisions must be taken on the reduction of existing services if 
new technology is to be acquired One way out of this dilemma 
is to reduce the cost of basic services to free resources for the 
introduction of new techniques In this context the WHO 
"Basic Radiological System" (BRS), originally conceived for 
developing countries, could have a role in the S, since it is 
claimed t it can perform 80% of standard radiological 
examinations at a capital cost of one third of that of a 
conventional X-ray system At the same time moves are afoot 
to make conventional radiography more sophisticated through 
digitisation of mages Proponents of this approach also claim 
cost savings (in operation), as well as improved performance 
How should the NHS plan the development of radiological 
services, given that resources are Dalkey to be available for 
the Debes of increasingly sophisticated equipment in all 
sections of the service? Options include reduction of service 
levels; concentration of expensve techniques in a limited 
number of centres, revision of clinical practice in requesting 
tests, and procurement of cheaper equipment for the basic 
workload In assessing these options resource considerations 
must play a part and this paper attempts to identify the key 
economx factors associated with each possible policy 


COSTS OF IMAGING PROCEDURES 
P. M. Bretland 
Whittington Hospital, London 


The principles of commercial financial management are 
contrasted with current NHS methods A costing system, unng 
standard OTA p (classifying costs into “variable, 

"semi-variable", » ', corresponding roughly to 
materials, salanes, and building and equipment maintenance) 
and commercially available computer software, has been 
devised The whole Whittington Hospital imaging service for 
the financial year 1984/85 was so costed. Toapog Pio 
could be put into a cost spectrum m ascending o of cost as 
follows plam radiographs, ultrasound, tomography, interven- 
tional ultrasound, intravenous urography, diagnostic fluoro- 
scopy, nuclear medicine, interventional fluoroscopic proce- 
dures, diagnostic angiography and interventional angiographic 
procedures Only the more ex ve nuclear mediane 
procedures and angiograph ed the cost of the inpatient 
day The findings are daah, at vanance with the Korner 
Report Hypothetical cakulations have been made for 
equipment depreciations, bearing in mind that capital] costs of 
equipment increase annuall figures ranging from 6% for 
nuclear medicine to 14% for X-ray equipment, and for the 
capital costs of buildings using the concept of “notional rent" 
A plea is made for an improved costing system within the 
NHS, cluding proper considerations of | equipment 
depreciation. 
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FAILURE IN RADIODIAGNOSTIC BQUIPMENT: IMPLICATIONS 
FOR THE NATIONAL HEALTH SERVICE 


P H. Smithson and J. A Garrett 


Department of Medical Physics, Bristol niii Centre 
Experience has been gained in a large teach pei oe Robin 
60 rooms where in-house servicing 1s A des reas 
manufacturers’ servicing over the full range of radiodiagnostic 
equipment. This paper presents an analysis of why equipment 
failed over a 2-year penod. 

Faults analysed include those that are largely electro- 
and also some where a significant number of call- 

outs were due to faults that disappeared once the engineer 
arrived! Processors are very prone to replenisher faults and 
rapid wear-out Gamma cameras and ultrasound equipment 
need frequent adjustment to maintain a high image standard 
These results are examined to see if planned preventative 
maintenance 1s required to ensure a high operating efficiency. 

Unfortunately, newer systems with a large electronic content 
do not show the expected reduction in down time. Figures are 
prono PUN oe eee urements on the vanous 
types of equipment. ts are taken from a 
comprehensive a eM pe jur panen computerised data 
base in operation in the district resulting implications for 
a buying and servicing policy are discussed 


ECONOMIC EVALUATION OF CLINICAL MAGNETIC 
RESONANCE IMAGING 


J. Hutton 
Centre for Health Economics, University of York 


As MRI becomes more sophisticated and the range of clinical 
applications expands, the demand for the technology increases, 
but resources for its acquisition and use in the UK do not. The 
University of York Centre for Health Economics has been 
commussioned by the MRC to carry out a cost-effectiveness 
study of the clinical. use of MRI, in co-operation with the 
MRC and DHSS-financed clinical research centres, The pa 
presenta the preliminary ronuls of a cosung study of the UK 
installations, and discusses the these to operation 
of MRI units on a service bags in the NHS. The measurement 
of the effectiveness of a new diagnostic Vue Anc variis 
greater problems than costing. The tes of 
assessing MRI 1s discussed, and me research designs to 
overcome these problems are described 
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MANAGEMENT PATTERNS IN BRITISH COMPUTED 
TOMOGRAPHY 


S. J. Golding 
University of Oxford 


A was carried out of general purpose CT installations 
in the UK, to determine how these are organised and the 
nature and volume of their workload. The majonty of e 
facilities are situated within existing X-ray departments and 
administrative responsibility for the service is usually shared 
pales several radiologists Irrespective of the site of the CT 
, supervision of the clinical work is carried out by 
tant radiologists who are pent during the examination 
i the majority of installations facts are relevant to the 
staffing implications of new CT services 
More than half the CT installations carry out junior staff 
us Fewer of them do formal CT-asssted radiotherapy 
or non-clinical research A roan component of 
the epe det in many installations is CT-guided interventional 
procedures, the results suggest that more than 1000 such 
procedures are carried out in the UK cach year. There appears 
to be a normal distribution between and body work on 
purpose machines, but significant differences in patent 
eR put exist between different installations This vanation 
15 not explained by differences in the nature of the workload 
While the availability of CT remains limited in this country, 
thus variation is a cause for concern 


THE EVALUATION OF COMPUTED TOMOGRAPHIC SCANNING 
AND THE LUMBAR SPINE 


P Kind, S. Sims and *P Verow 


Centre for Health Economics, University of York and * X-Ray 
Department, York District Hospital 


Following the installation in 1981 of a CT scanner in the York 
District Hospital, a subsequent review of its usefulness in 
the investigation of lumbar disc disease, the number of lumbar 
radiculograms fell dramatically Now, CT of the lumber spine 
has become the standard eue when invest low 
back problems. The num of radiculograms allen 
steadily over the 5 years of CT scanning at York, the 1984 
total being only 14% of those performed in 1980 This paper 
examines the unpact of CT scanning on the treatment and 
management of patients referred mainly with low back 

and sciatica. It compares the costs of ra Ograms with 

of CT scanning and identifies areas of potential benefit for 
both the clinician and the patient 
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Adaptation of the Blomfield applicator for use with the Selectron, by H. J. Appleby, H. Eckert and T. J. Godden 
Energy response of film/screen combinations, by M. Arnold, P. Liepins and N. E. Tomlinson 
The in vitro echographic appearances of gastric wall, by J. Beynon, D. M. A. Foy, L. N. Temple, N. J. McC. Mortensen and J. P. 


Virjee 


Staging of rectal cancer by endoluminal ultrasound, by J. Beynon, A. Roe, D. M. A. Foy, L. N. Temple, N. J. McC.Mortensen 


and J. P. Virjee 


Inherent filtration as a function of beam angle for diagnostic X-ray tubes, by R. Bovill and R. W. Grange 
A graphical dosimetry method for "Paris" brachytherapy implants, by M. P. Casebow 
Post-irradiation survival of DNA synthesis in cytochalasin-treated Chinese hamster ovary cells. A flow cytometric method, by 


J. B. Court, C. Burn and J. L. Moore 


Determination of X-ray spectra from measurements of attenuation, by D. R. Dance 

K-edge filters and mammography, by D. R. Dance, R. Davis, S. H. Evans, C. H. Jones and C. A. Parsons 

Computed tomography-guided cannula insertion in pelvic hyperthermia, by G. C. W. Howard, A. K. Dixon and N. M. Bleehen 
Techniques for intraoral electron treatments, by F. R. Hudson, M. Samarasekara and D. Hynd 

Assessing abnormal liver biochemistry: wedge hepatic venography? liver biopsy? wedge hepatic venous pressure? by D. J. van 


Leeuwen, P. Scheuer, S. Sherlock and R. Dick 


Tumour markers in malignant teratoma: results from a study in the South-West of England, by P. A. Light and S. E. Goodman 
Real-time ocular ultrasound in the management of malignant melanoma of the choroid, by N. C. McMillan 
Cine computed tomography-derived left ventricular ejection fraction using a single central slice, by R. M. MacMillan, M. R. Rees 


and D. L. Clark 


CT scanner phantom for checking electron density and distance measurements on a treatment planning computer, by A. K. 
Morgan, D. H. Temperton, R. G. Putney and S. C. Klevenhagen 

A high-power pulsed dye laser for dynamic phototherapy of tumours, by A. W. Preece, N. P. Luckman and D. H. Follett 

Computed tomography dose and image evaluation using ionisation chambers and test objects made at the London Hospital, by 


R. Putney, S. Dye and D. Temperton 


The influence of time of day of administration of VAC chemotherapy of myelosuppression sequential serum urate and the 
circadian rhythm of urate excretion, by M. H. Robinson, R. Pownall and M. S. Knapp 
Thallium-201 myocardial scintigraphy after voluntary hyperventilation, by J. Teijeriro-Vidal, A. Mateo, M. J. Perez-Castejon, 


F. Garcia and E. Opere 


Hysterosalpinography: direct measurement of gonadal radiation dose to the patient and the estimation of the probability of 
consequent stochastic radiation effects, by N. E. Tomlinson and R. M. Darwood 
Problems and complications associated with percutaneous bile-duct drainage and endoprosthesis placement, by C. Williams and 


A. H. Chapman 


ADAPTATION OF THE BLOMFIELD APPLICATOR FOR USE 
WITH THE SELECTRON 


H. J. Appleby, H. Eckert and T. J. Godden 


Departments of Radiotherapy and Medical Physics, Bristol 
Radiotherapy and Oncology Centre 


The Blomfield applicator has been used by many radio- 
therapists for the past 25 years. The applicator has the 
advantage of providing rectal shielding, if required, allowing 
positional flexibility between the vaginal and uterine sources, 
and providing a system which is not dependent upon packing. 
To retain these advantages an adaptation to the Blomfield 
applicator has been developed for use with the Selectron. 
Details of the design and typical dose distributions around the 
applicator are demonstrated. 


ENERGY RESPONSE OF FILM/SCREEN COMBINATIONS 
M. Arnold, P. Liepins and N. E. Tomlinson 
Guy's Hospital and Medical School, London 


The major components for assessment of the radiographic 
process are the film/screen combination and the chemistry by 
which the film is to be processed. A wide variety of such 
systems is available, some designed specifically for a particular 
examination, e.g. mammography. whilst others are general 


purpose. The speed and latitude of the system chosen will 
affect the dose to the patient and the contrast present in the 
final image. 

Because many fluorescent materials are used in intensifying 
screens, a range of responses for differing photon energies 
might be expected. Little work has been published on 
characterisation of film/screen systems over a range of energies 
(Vyborny et al, 1977; Venema, 1979; Kodera et al, 1984) and 
such information is rapidly outdated by the arrival of new 
"improved" screens. There is clearly a need for a standard 
method whereby the energy response of combinations of these 
imaging components may be reproducibly quantified. This 
would be useful not only in selecting the right combinations 
for a given technique, but also in the correct adjustment of 
automatic radiographic systems which often give the same 
exposure at all kVs selected, thus falsely suggesting no 
variation of response with energy. 

A number of test X-ray spectra were used to expose the 
film/screen combinations, each having a very narrow range of 
photon energies. These were produced by heavy filtration of 
the beam with either copper or tin and molybdenum K-edge 
filters. The spectra used were measured by means of a high- 
resolution, solid-state germanium detector linked to a 
multichannel analyser. Direct spectral analysis was only 
possible at several metres from the tube and was reinforced by 
the attenuation of the filters in use. The amount of copper 
filtration was varied until a spectrum with a full width half 
maximum of 10 keV was obtained. In order to produce 
characteristic curves, the film was exposed progressively in 
steps using a specially designed mask and slider, which 
eliminated unwanted scatter and penumbra. A step-wedge was 
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not used, as the variation of beam hardening with step 
thickness would alter the energy distribution of the photons 
incident on the film. Radiation exposures to the cassette were 
measured so that film speeds could be quoted in absolute 
rather than relative terms. 

The findings to date show that film speed varies with energy. 
The effect of the film cassette and possibly optical wave-length 
shifters in the screens would make such results very difficult to 
predict theoretically. It is possible that enhanced radiographic 
efficiency could be achieved by matching the energy response 
of the imaging system to the X-ray spectra from the subject. 
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THE /N VITRO ECHOGRAPHIC APPEARANCES OF GASTRIC 
WALL 


J. Beynon, *D. M. A. Foy, tL. N. Temple, N. J. McC. 
Mortensen and 1J. P. Virjee 


Departments of Surgery, * Medical Physics, + Pathology and 
Radiology, Bristol Royal Infirmary 


The echographic appearances of the stomach wall have been 
investigated in vitro on freshly resected operative specimens. 
Delineation of the ultrasonic anatomy is essential for the 
interpretation of sonographic images obtained during endo- 
scopic ultrasound examinations. 

Specimens of normal stomach have been suspended 
vertically in a saline bath and scanned using an ultrasound 
scanner type 1846 (Bruel and Kjaer, Denmark) with 5.5 MHz 
and 7.0 MHz transducers, A five-layered ultrasonic image was 
consistently observed. Removal of the layers and subsequent 
histological examination has shown that the first (echogenic) 
layer corresponds to mucosa, the second (echopoor) layer to 
the muscularis mucosae, the third (echogenic) layer to 
submucosa, the fourth (echopoor) layer to muscularis propria 
and the fifth (echogenic) layer to serosa/fat. 

With the growing interest in endoscopic ultrasonography, 
the correct delineation of the ultrasonic anatomy is imperative 
for the correct assessment of local invasion in malignant 
gastric neoplasms. 


STAGING OF RECTAL CANCER BY ENDOLUMINAL 
ULTRASOUND 


J. Beynon, A. Roe, *D. M. A. Foy, tL. N. Temple, 
N. J. McC. Mortensen and 1J. P. Virjee 


Departments of Surgery, * Medical Physics, * Pathology and 
& Radiology, Bristol Royal Infirmary 

Five distinct ultrasonic layers have been identified in normal 
rectum and colon, both in vitro and in vivo, using an 
ultrasound scanner type 1846 (Bruel and Kjaer, Denmark) 
with 5.5 MHz and 7.0 MHz transducers. 

The first (echogenic) layer corresponds to the mucosa, the 
second (echopoor) layer to muscularis mucosae, the third 
(echogenic) layer to submucosa, the fourth (echopoor) laver to 


muscularis propria and the fifth (echogenic) layer to the 
serosa/para-rectal fat. Occasionally a thin, incomplete, 
echogenic layer has been observed separating the two parts of 
the muscularis propria layer in the rectum. Assessments of 42 
histologically proven rectal carcinomas have also been 
performed and results compared with histopathological 
findings in 37 cases and laparotomy observations in three 
cases. The coefficient of correlation between sonographic and 
histopathological findings was 0.92 (P « 0.001). Invasion 
beyond the muscularis propria was predicted with a sensitivity 
of 96% and specificity of 92% and had a predictive value of 
9675. Lymph-node involvement was predicted in 17 cases. 
Correlation with histopathology revealed the technique to have 
a sensitivity of 92% and specificity of 73% and predictive 
value of 6594. 

Endoluminal ultrasound staging of rectal cancer is more 
accurate than digital evaluation and its use pre-operatively aids 
the planning of subsequent treatment. 


INHERENT FILTRATION AS A FUNCTION OF BEAM ANGLE 
FOR DIAGNOSTIC X-RAY TUBES 


R. Bovill and R. W. Cranage 


Department of Medical Physics, Musgrove Park Hospital, 
Taunton 


It has been recognised for some time that the inherent filtration 
of diagnostic X-ray tubes will vary with the angle of beam 
production along the anode—cathode axis. With the advent of 
digital image capture and processing techniques, some of 
which involve dual energy subtraction, this change in filtration 
across the. X-ray beam could have a significant effect on the 
processed image. This effect is more pronounced in modern 
tubes with a 12° or 13° anode angle. We have therefore 
measured the variation in inherent filtration across a number 
of tubes for a range of kVps and have attempted to fit the 
results with the standard theories of X-ray production from 
diagnostic targets. 


A GRAPHICAL DOSIMETRY METHOD FOR "PARIS" 
BRACHYTHERAPY IMPLANTS 


M. P. Casebow 


Department of Medical Physics & Biomedical Engineering. 
Plymouth General Hospital 


In the "Paris" system, the treatment volume is implanted with 
an array of parallel, equally spaced, linear radioactive sources 
of the same linear activity. It was developed about 20 years 
ago to facilitate the use of "afterloaded" '°*Ir wires, where the 
treatment dose was specified for an isodose surface, defined in 
relation to the "basal" dose-rate within the implanted volume. 
By contrast, the well known "Manchester" dosimetry system 
specifies the dose delivered at a given distance outside the 
implanted volume, and so cannot be used for dosimetry 
calculations with "Paris" implants. 

Two main questions arise in practical brachytherapy 
calculations: how much radioactive material is required? and 
how is it to be distributed? For equally spaced arrays, both 
questions are answered rapidly and accurately using standard 
graphs and a few simple arithmetic calculations. The graphs 
have been plotted for linear, square and triangular arrays of 
parallel '?"Ir sources, and cover the wide range of implant 
sizes likely to be encountered in clinical use. 
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POST-IRRADIATION SURVIVAL OF DNA SYNTHESIS IN 
CYTOCHALASIN-TREATED CHINESE HAMSTER OVARY CELLS. 
A FLOW CYTOMETRIC METHOD 


J. B. Court, C. Burn and J. L. Moore 
Radiation Sciences Laboratory, Velmdre Hospital, Cardiff 


The fungal metabolite cytochalasin B blocks cytokinesis in 
cultured cells and results in an accumulation of DNA as cells 
become multinucleate We have previously shown (Court & 
Moore, 1985) that the post-irradiation survival of DNA 
synthesis can be monitored using Feulgen microdengtometry 
in cells cultured in the presence of cytochalasin B This 
provides an opportunity for a measure related to clonogenimity 
to be made on cells that are not mon ¢ have 
developed a method that uses flow cytometry to detect and 
enumerate surviving cells Following radiation ex and 
incubation with cyt cells are de from the 
culture flask using trypsin They are fixed by the direct 
addition of glu e and the DNA content 1s measured 
in the flow cytometer following staining with mithramycin or 
chromomycin. Cells per sampk are enumerable absolutely, by 
means of a known number of non-fluorescent polystyrene 
beads added with the trypsin and detected using forward 
scatter. The technique has been used to investigate the 
properties of the cytochalasin-based survival assay 


REFERENCE 
Court, J. B. & Moore, J L, 1985 The survival of 
cytochalasin-induced multmmuckation following irradiation 
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DETERMINATION OF X-RAY SPECTRA FROM MEASUREMENTS 
OF ATTENUATION 


D. R. Dance 
Physics Department, The Royal Marsden Hospital, London 


Detailed knowledge of X-ray spectra is wired for the 
computer modelling and optimisation of X-ray imaging 
systems The measurement of these spectra requires expensive 
equipment and is often not practicable within the X-ray 
department. We have developed a method of estimating 
spectra from measurements of narrow beam attenuation The 
measurements are fitted using sets of standard which 
can be adjusted by computer (filtration(s) and potential) until 
good agreement is rea between measured and calculated 
attenuation coeficients The method has been used for 
mammographic TORY epee from both molybdenum and 
tungsten targets with without K-edge filters, and excellent 
fits have been obtained in all cases. The preamon and 
limitations of the technique will be discussed 


K-EDGE FILTERS AND MAMMOGRAPHY 


D R. Dance, R. Davis, S. H Evans, C. H. Jones and 
C A. Parsons 


Departments of Physics and Radtolo 
Hospital, Lon 


, The Royal Marsden 


The choice of X-ray spectrum for mammography is a 
compromuse between the requirements of good image quality 


and low radiaton dose to the breast. Various workers 
(including our own group) have pointed out that the X-ray 
ran obtained with a molybdenum target/molybdenum 

ter combination is too low ın energy for optumal maging of 
the thicker breast We have investigated the use of vanous K- 
edge filters to modify the X-ray spectrum, and the effects of 
these filters are presented in terms of calculations of contrast, 
dose, and noise for images obtained using a film/screen system 
Tbe cakulations are supplemented with an assessment using 
breast phantoms and specimen radiography with the Xerox 
prc The benefits of umng a mammographic grid are 


COMPUTED TOMOGRAPHY-GUIDED CANNULA INSERTION IN 
PELVIC HYPERTHERMIA 


G. C. W. Howard, *A. K. Dixon and N. M. Bleehen 


Medical Research Council Unit, Umversity Department of 
Clinical Oncology and Radiotherapeutics and * University 
Department of Radiology, The Clinical School, Cambridge 


Hyperthermia has been demonstrated to be a useful modaht 

in the treatment of cancer, y when combined wi 

radiotherapy. Temperatures across a heated volume are known 
to vary considerably and intratumour measurements are 
essential For superficial lesions this is not usually a problem, 
but m the regional heating of deep-seated tumours, Scent 
of temperature measuring devices can be difficult. We have 
used thermistors to measure temperatures during the regional 
ipse id extengve pelvic tumours The thermustors are ipn 
down blind-ended cannulae inserted into the tumour. In six 
patients these cannulao have been inserted under CT-scan 
control Following confirmation of a normal platelet count 
and normal coagulation, limited. CT. cuts of the tumour are 
performed to locate the most suitable area for insertion. The 
skin 1s infiltrated with local anaesthetic and the needle used as 
a guide to the direction of insertion The desired depth is 


within an introducer. The exact 
scanner and a hard-copy record obtained In this manner 
cannulae have been inserted into six patients to depths of up to 
l0 cm, two with presacral rectal tumour recurrences), per- 
formed prone, two with bladder tumours, and one each with a 
prre carcinoma and a pelvic sarcoma, performed supine 
procedure, usually completed within 30 min, is well 
uidet and to date there have oe no complications 
peres treatments, a thermistor probe can be 

tacked ong the cannula to record a PAE profile 
We connder that this is a useful, safe, and quick ure 

and, when possible, 1s of great value in pelvic h 


TECHNIQUES FOR INTRAORAL ELECTRON TREATMENTS 
F. R. Hudson, M. Samarasekara and D. Hynd 


Physics Department, Mount Vernon Hospital, Northwood, 
Middlesex 


A new technique for the pesloning of intraoral electron 
applicators ıs demonstrated It 1s shown that the applicator can 
be securely mounted on an external shell to provide positive 
location and to eliminate the problem of matching the 
E ned machine to an unstable and vulnerable target in the 
mou 
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THE WHO BASIC RADIOGRAPHIC SYSTEM: AN 
EVALUATION OF TWO UNITS FOR USE IN A NHS DISTRICT 
HOSPITAL 


G. de Lacey, A. Paris and J. Detain 
Northwick Park Hospital and Clinical Research Centre, 
Middlesex 


The basic radiographic system (BRS) has been developed by 
the WHO as an imaginative answer to the need for a mmple, 
low maintainance X-ray unit for primary health care in the 
Third World. Several manufacturers now prova units 
designed to meet the WHO specifications for a source-to- 
cassette metry of 90° and 140 cm. Two of these, the 
30 LW and 24 LW generators ed ces 
generators, : 

beam diaphragm) have been assessed to define the advant- 
duis m In excess of 

t examinations have been completed. We report 


RS aen tability by the radiographers varied greatly. In 
of patents could not be examined at all or only 
nth great diffcul ; the figure for inpatients was 1994 and for 
outpatients 696. image quahty as assessed by the 
radiologists, the Siemens unit was as good as conventional 

noe Mo n Sa c e e 


pepa 
Chest radio 
aad Pic qe ber dat a nid unit ah ue 


uua ISI Sierra 
manoeuvre. The BRS is not compatible for use with casualty 
trolleys or beds. 

Data collection is not yet complete, but reports will be 
available m the autumn. 


ASSESSING ABNORMAL LIVER BIOCHEMISTRY' WEDGE 
HEPATIC VENOGRAPHY? LIVER BIOPSY? WEDGE HEPATIC 
VENOUS PRESSURE? 


D. J van Leeuwen, P. Scheuer, S. Sherlock and 
R. Dick 


rh eid of Medicine, opera ce) HEAT 
ogy, Royal Free Hospital and School of 


Biochemical screening of patients with suspected liver disease 
often reveals abnormalities, though the seventy of liver xa 
may not be reflected clinically or biochemically. Liver POPE 
unpleasant and has a morbidity. Forty-nine patients ha 
biopsy and also wedged hepatic venography and eae 
The appearance o the hepatic vein radices a 
Mi dn the corrected hepaüc venous pressures and the 
histological changes on biopsy were all categomsed and 
compared by independent observers The radiological studies 
a a rehable alternative to biopsy, whilst a corrected 
ressure (WHVP —FHVP) gradient of over 5 mmHg always 
adkae] significant liver disease 


TUMOUR MARKERS IN MALIGNANT TERATOMA: RESULTS 
FROM A STUDY IN THE SOUTH-WEST OF ENGLAND 


P. A. Light and S E. Goodman 
Bristol Radiotherapy and Oncology Centre 


The South-west Testicular Tumour Study Group was 
established in 1981, incorporating its own facility to measure 
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the markers alpha-fetoprotein (AFP) and human chononic 
gonadotrophin (HCG) in serum samples from tesucular 
teratoma patients Mi n the Regon Of the 134 patents 
registered into the $ E in 7i were apparently clear of 
disease following o ectomy. (Results from these panenn 
will be presented righ y meeting). The dress s 
patents were found to d of disease beyo 
removed testis and received further treatment. Marker values 
from individual cases from this group wil be described, to 
illustrate various aspects of the role of marker measurements 
in the management of testicular teratoma patients. 


REAL-TIME OCULAR ULTRASOUND IN THE MANAGEMENT 
OF MALIGNANT MELANOMA OF THE CHOROID 


N C. McMillan 
Department of Radiology, Western Infirmary, Glasgow 


Real-ume ultrasound now has an undisputed place in the eari a 
management of Bare ru melanoma of the choroid. As 


EI rcs of a solid tumour, it is a very 
accurate od of obtaining its dimensions and assessing its 
position relative to the optic disc. This information 1s of 
critical importance in the choice of treatment. Present 
ophthalmic trends are away from enucleation, with local 
excision of the tumour now established as an effective method 

of treatment in ex hands. oe is bees pet 
the only method o g the ra 

associated eoriplica tone d are ea et treatment 
options are local radiotherapy n ruthenium-106 plaque or 
laser photocoagulation The accuracy of the plaque position 
can be determined cpr a ll changes in tumour size 
can be documented on senal follow-up. 

Extraocular extension of tumour, altho 
been a rare occurrence in our experience 
our practice of real-time ocular ultrasound gamed 
experience of over 70 cases of choroidal melanoma referred to 


the Western Infirmary, Glasgow in the past 2 years 


CINE COMPUTED TOMOGRAPHY-DERIVED LEFT 
VENTRICULAR EJECTION FRACTION USING A SINGLE 
CENTRAL SLICE 


R. M MacMillan, M. R. Rees and D. L. Clark 
Kilingbeck Hospital, Leeds 


Cine computed tomography (ane CT)-denved left ventricular 
ejection fraction (LYE) unng 
validated by cardiac ca tion (MacMillan et al, 1985). 
This method requires imaging of the entire left ventricular (L 
cavity, selection of end-systolic and end-diastolic ene ee 
measurement of volumes of each slice Using Simpson's rule, 
LVEF can be calculated. The objective of this research was to 
develop a reliable and jess time-consuming method for 
maag LVEF. Twenty patients (nine female), mean age 60 
(range 27-78) years, were studied. Cine LVEF was 
determined Simpson's rule using the long-axis scan 
projection, LVEF was then measured by selecting the end- 
diastolic mage with the largest cavity area. The corresponding 
end-systolic cavity area was measured. Ápex-to-bese distance 
was measured for each image Using the standard formula for 
Aen of LVEF by singie-plane ventrxulography, 
LVEF was obtained for each patient. A significant correlation 
was found between the Si n’s rule-derived LVEF and the 
singk-slice method ag ; p<0.1). We conclude that the 
single-slice method for determination of LVEF using a lo 
axis view 18 both easy to obtain and reliable Since aine CT 
relatively non-invasive, easily repeatable and can be carried 
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out on an outpatient besu, this technique represents a 
significant advance in the non-invasive approach to cardiac 
Investigation 


REFERENCE 
MACMILLAN, R. M., Rees, M. R., MARANHAO, V. & CLARK, 


D. L., 1985 Comparison of left ventricular eyection fraction 
by cine computed tomography and si n 
anterior oblique ventriculography Angiology, 36, 587-588. 


A COMPUTED TOMOGRAPHY SCANNER PHANTOM POR 
CHECKING ELECTRON DENSITY AND DISTANCE 
MEASUREMENTS ON A TREATMENT PLANNING COMPUTER 


A. K Morgan, D. H. Temperton, R. G. Putney and 
S. C. Klevenhagen 


Department of Medical Physics, The London Hospital 


Data from a CT scanner (e.g body contours, densities of 
anatomical structures) can be used a oenl panna 
system when calculating an isodose distribution. Compu 


tomography density information us in the form of X- 
r&y attenuation coefficients or ral dis The treatment 


planning system converts the CT-denmnty information to 
electron-density data, which are used in the calculation of the 
isodose distribution. 


A vanation of CT number of 10-15%, or a vanation of 
tissue depth of 3-5 mm, can alter the resulting dose 
distribution by 1-2*4. The xem of a CT scanner consistent] 
to calculate CT number tissue thicknesses shoul 
therefore, be evaluated before electron-dennt 
a CT scan for treatment i method of doing this is 
to scan a phantom of di Een denn, materials and measure 
the CT numbers calculated by the scanner The phantom used 
for this 1s made from ee resin-based tissue-equivalent 
materials and has | mm holes drilled in it so that spatial 
accuracy can also be checked. Measurements are performed 
weekly and after any major service or repair to the CT 
scanner. This poster describes the phantom and the quality 
assurance protocol and discusses the results obtained 


data from 


A HIGH-POWER PULSED DYE LASER FOR DYNAMIC 
PHOTOTHERAPY OF TUMOURS 


A. W. Preece, N. P. Luckman and D. H. Follett 
Radiotherapy and Oncology Centre, Bristol 


Dynamic phototherapy involves the intracellular activation of 
haematoporphyrin pomp (HPD) to release cytotoxic 
singlet oxygen radicies. Light of a wa coincident with 
ey oe cue bei og UE. 
freq peak to ensure uate light penetration of tissue 
A unable dye laser is described w provides a te light 
for tumour illumination, but which 1s of sufficient to 
operate on single phase outlets with minimal cooling 
urements. 

ght from a linear xenon flashtube us concentrated with an 
elliptical aluminium murror into a parallel dye cell which 
contains a circulating solution of the organic dye Rhodamine 
B in methanol. pue esi ee t with a fast 
nse time (1 us) and duration of 10 ps. resonator 
consists of a jally reflecting dielectric mirror and a 


reflecting diffraction © Sra, a (operating in the Littrow 
Min ate which selects wavelength of interest. The 
laser us is transmitted along optical fibres to the treatment 
gite. flash capacitor supply uses a novel voltage 
multiplying resonant circuit to obtain 16-2 kV from mains 
voltage without using transformers. Discharge is by fast- 
swi thyristors and a simmer supply improves discharge 
uniformity and lamp life. 


COMPUTED TOMOGRAPHY DOSE AND IMAGE EVALUATION 
USING FONISATION CHAMBERS AND TEST OBJECTS MADE AT 
THE LONDON HOSPITAL 


R. Putney, S. Dye and D. Temperton 


Department of Medical Physics, The London Hospital, 
itechapel 


“Tt seems very likely that computerised tomography (CT) now 
makes a major contribution to tbe collective population dose 
from diagnostic radiology m many developed countries" 
B-R173) A detailed knowledge of the performance of 
machines enables patient dose to be kept to the minimum. 
Dose measurements (thermoluminescent) are tedious because 
of the large number of dosemeters required. An ionisation 
chamber-based system can measure dose quickly and 
easily, providing information on the dose profile, slice overlap 
and multislice dose. 

Ionusation chambers were built based on the demgn of 
J. Poletti but the geometry construction and chamber 
materials were altered Improved resolution allowed slice 
widths down to 4 mm to be measured Test objects have been 
made that measure resolution, noise, geometric distortion, alice 
thickness, linearity and the effectrve energy of the radiation 
beam. The test objects (except nowe and resolution) are 
ee ee ee 
therefore, very stable and durable. hneanty of CT number 
de with attenuation coefficient and electron density can be 

in the range from air to bone in regular increments 
More detailed data in the soft-tissue range can be obtained 
unng a further set of test objects having equal increments of 
20 . Using these test objects, a complete abe pE HEA 
measurements can quickly be obtained T results are 
presented for two modern CT machines a Philips 350 
Tomoscan and an IGE 9000 Series 1. 


THE INFLUENCE OF TIME OF DAY OF ADMINISTRATION OF 
VAC CHEMOTHERAPY ON MYELOSUPPRESSION, SBQUENTIAL 
SERUM URATE AND THE CIRCADIAN RHYTHM OF URATE 
EXCRETION 


M. H. Robinson, *R. Pownall and *M. S. Knapp 


a abibit of Apres ioi th Churchill Hospital, Oxford and 
* Department of Medical Information Technology, Unrversity 
Hospital Nottingham 


The toxicity in animals of many cytotoxic agents has been 
shown to vary with the time of day of administration. Recently 
this has been demonstrated in humans treated with cisplatinum 
and Adnamycin Urate excretion 


5 circadian pattern in no gn 
ee some anticancer therapy which may be related to cell 


A prospective randomused study of the influence of the time 
of day of administration of the first course of vincristine 
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fi mg), Adnamycin (40 mg/m?) and cyclophosphamide 
| mg/m?) (VAC) on its myelotoxicity and on the changes in 
serum and urinary DM MM CORSO no Dee 
snif maali cl] lua iven at either 0900 or 
2100. A ] cell ung canoer greater fi in o white a a and 
isu sch A E papi" 
LIE compared wnth those tested at 2100 
e005) This erence was not apparent 2 and 3 weeks 
post-treatment. No differential effect on platelet count 
occurred. A significant transient mse in serum urate occurred 
between days 0 and 2 post-treatment in both groups 
(P « 0.01). No consistent rhythm in the excretion of urine or 
its urate content was demonstrated in any pe ent. Significant 
changes in urate excretion following chemo py occurred in 
all patients without any clear overall pattern being apparent 
Thus this study s 
VAC may influence its toxicity. 


THALLIUM-201 MYOCARDIAL SCINTIGRAPHY AFTER 
VOLUNTARY HYPERVENTILATION 


J. Teyeiro-Vidal, A. Mateo, M. J. Perez-Castejon, 
F. Garcia and E. Operé 


University Hospital Clmic, Zaragoza, Spam 


a ae of ?9' T] was evaluated in 18 healthy young 
volunteers, after 3 min of voluntary hyperventilation, 10 min 
after radionuclide injection and again 2 h later The Images 
were processed and stored in a computer, and the results 
expressed in a ae mode. The following parameters 
were analysed to i Reeder intraventricular septum, left 
ventricular is call d lrver uptake, as well as the 
myocardium/lung (TM/L) and myocardium/liver (TM/LV) 
ratios, in order to know relative radionuclide uptake. The 
presence of respiratory alkaloms after E O aed: 
was corroborated, with a significant decrease in 
bicarbonate and increased pH ın capillary blood. Pd. bad» 
myocardial uptake, ARRA uniform, was very poor, 
gener normal 2 h later 
yperventiation results were alkaline values for pH 
i S240 04), dec decreased 2 (26 6: 4.97 mmHg) and CO 
20.2:p4 08 mEq/l) These results were erent 
those obtained 2h later (7404005, 354+5.11, and 
27.7 X: 1.64 respectively) and statistically mgnificant The TM/L 
and TM/LV ratios obtained after were lower and 
myocardial uptake was uniformly diminished. Two hours later 
we observed significantly higher TM/L and TM/LY ratios due 


rom 


to an increased my 1al uptake No decrease of activity was 
observed in lungs and Myocardial activity was 
significantly increased 


HYSTEROSALPINGOGRAPHY: DIRECT MEASUREMENT OF 
GONADAL RADIATION DOSE TO THE PATIENT AND THE 
ESTIMATION OF THE PROBABILITY OF CONSEQUENT 
STOCHASTIC RADIATION EFFECTS 


N. E. Tomlinson and R. M. Darwood 


Department of Clinical Physics and Bioengineering, Guy's 
Hospital, London 


One coupk in 10 present for the investigation of infertility The 
recent high inodence of pelvic inflammatory disease and the 


that the tome of administration of 


modern trend toward pregnancy late in the reproductive 
careers of women have created a substantial demand for 
examinations of tubal patency. Essentially, two alternatives 
exist; hysterosalpingography (HSG) and laporoscopic tech- 


niques. 

t Guy's Hospital, a new balloon-catheter HSG method has 
been introduced. In order better to evaluate the ments of such 
a technique, a dommetry study was conducted. A sophisticated 
applicator was dea and constructed so that a pair of 
thermoluminescent dosemeters (TLDs) could be inserted per 
vaginam and positioned at the internal os, thus being adjacent 
to the ovanes 

Dosimetry studies were conducted as a routine part of 
indicated HSG examinations on 21 women. Great care was 
taken to ensure that the TLDs remained within the field-of- 
view throughout ail PUO OK OD and radiographic exposures. 

The Man absorbed organ dose to the ovaries was found 
to be about RE ea or eee mGy. 
Adopting the ICRP philosop CRP, 1977), the mean 
average excess risk of hereditary ects in the descendants of 
the irradiated individuals was calculated as about 19x 1075 
(1: 52000) This value should be compared with a risk of such 
defects from "natural causes" of 3x107? HA LHBS, 
l 


977) 

The work has been further extended to cover the estimation 
of whole-body dose equivalents to the patient by the 
n of data and methods from a Monte-Carlo 
CORO) model originated by Kereiakas and Rosenstein 

The cakulations indicate a mean average whole-body dose 
xe of about 0.6 mSv with a range from 0.15 to 

mSv. These values of dose may be used in the calculation 
of the total risk of patient mortality from radiation-induced 
cancer, again using the ICRP philoso hy The mean average 
risk value for this study was about 6.0x 10 5 with a range 
from 1 6x 107 $10 22x 10 3 

Taken together, the results of this study indicate that 
considerations of radiation-induced cancers and abnormalities 
are of little significance when HSG is compared with other 
invasive techniques used to investigate tubal patency 


REFERENCES 
ICRP, 1977. Recommendations of the International Comission 
on Radiolo Protection wind i ou pied ICRP, l 
HA LHB 1977. Freg 


Monograph of the National: Init insane o Child he ia 
Human lopment, (Raven Press, New York). 

ROSENSTEIN, 1980. Handbook of tion Doses 
in Nuclear Medicine and Diagnostic X-ray. (CRC Press) 


PROBLEMS AND COMPLICATIONS ASSOCIATED WTIH 
PERCUTANEOUS BILE-DUCT DRAINAGE AND 
ENDOPROSTHESIS PLACEMENT 


C Williams and A. H. Chapman 
St James's University Hospital, Leeds 


Percutaneous bilary drainage has become a frequently 
performed procedure, and although drains and stents can be 
placed with an endoscope, high duct obstructions generally 
ril cu the percutaneous approach. Percutaneous biliary 
was performed in 100 patients with malignant bile- 

nie obstruction considered inoperable or unfit for surgery. 
Internal/external drainage (30 patients) was performed using a 
Ring 8 3 French catheter et al, 1979) Earl onia 
tions (within 30 days) were encountered in 16 of patients; 
cholangitis and septicaemia (14), renal failure (three), biliary 
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peritonitis secondary to catheter displacement (two), 
haemobilia (two), dehydration and electrolyte imbalance (two), 
subphrenic abscess (one), catheter leakage (one), and skin 
granuloma (one). Early complications were encountered in 12 
of the 70 patients undergoing endoprosthesis placement 
(Coons & Carey, 1983); cholangitis and septicaemia (nine), 
renal failure (two), haemobilia (three), duodenal haemorrhage 
(one) and duodenal perforation (one). Late recurrent biliary 
obstruction was usually caused by endoprosthesis migration or 
tumour blocking the endoprosthesis. In 8% of the patients the 
lesions could not be crossed and the patient had to be left on 
external drainage. Improved patient acceptance and the 
reduced complication rate explains our preference for 


endoprosthesis placement. Methods of reducing the number of 
complications and overcoming the problems associated with 
biliary drainage are described and illustrated. 


REFERENCES 
Coons, H. G. & Carey, P. H.. 1983. Large-bore, long biliary 
endoprosthesis (biliary stents) for improved drainage. 
Radiology, 148, 89. 
Rune, E. J.. Husten, J. W., OtgAGA, J. A. & Freeman, D. B., 
1979, A multihole catheter for maintaining longterm 
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Radionuclide 
research 
fellowship 


The Patrick Grove Memorial 
Fellowship 

Amersham International pic have 
funded this fellowship, for research into 
diagnostic or therapeutic work with 
radionuclides, through the Radiological 
Research Trust, to encourage young 
men and women to pursue original 
work in the United Kingdom. 

Applications are invited from heads of 
departments and others in appropriate 
administrative positions in the UK, or 
from individuals world-wide (who 
should enclose a supporting letter from 
the UK department in which they wish 
to work). 

The application should include a full 
curriculum vitae of the candidate, who 
should be a clinical or non-clinical 
medical graduate. It should state the 
purpose, background and plan of 
investigation of the projected research 
and explain how this would fit into 
existing and projected departmental 
work. The initial fellowship is for three 
years and will cover salary in the region 
of £15000 p.a., together with modest 
departmental expenses. 


For further information please con- 
tact: Professor G. H. du Boulay C.B.E., 
The Radiological Research Trust, 36 
Portland Place, London W1N 3DG. The 
closing date is September 1, 1986. 


Report of the 
1986 Vienna 
Meeting of the 
ICRP 


The international Commission on 
Radiological Protection (ICRP) met in 
Vienna, Austria, April 20-24, 1986. One 
report, "The metabolism of plutonium 
and related elements", was adopted and 
will be published in Annals of the ICRP 
in 1986. Two other reports, "Develop- 
mental effects of irradiation on the brain 
of the embryo and fetus” and “Lung 
cancer risk from indoor exposures to 
radon daughters” were reviewed in 
detail and are likely to be adopted by 
the Commission during 1986. Initial 
consideration was also given to a 
further report, “Radiation dose to 
patients from radiopharmaceuticals”, 
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August 1986 


which is likely to come before the 
Commission for adoption in early 1987. 

There was a general discussion of 
policy issues which will need to be 
considered by the Commission and Its 
expert committees as a background to 
any eventual revision of the Commis- 
sion's recommendations. A comprehen- 
sive catalogue of such policy issues was 
developed with the individual items to 
be discussed in detail by the 
Commission and its committees at their 
future meetings. 


Reduced rate 
hotel 
accommodation 


Expotel have agreed to provide reduced 
rate hotel accommodation for members 
of the BIR who wish to stay overnight 
in London. Please contact Expotel, not 
the BIR, for all booking information and 
arrangements, on one of these tele- 
phone numbers: London office 01-568 
8765, Manchester office 061-431 8000, 
or Glasgow office 041-221 8700. 


BIR Bulletin 


Notices 


Presidential promotion 


Congratulations to the BIR President, 
P N. T. Wells, who was appointed 
Honorary Professor in Radiodiagnosis 
at the University of Bnstol on August 1 


IARC awards 


International Agency for Reeearch on 
Cancer, World Health Organization, 
Lyon, France 


Fellowships for research training 
in oancer, 1987-1988 
Applications for training fellowshlps In 
1987-1988 are invited from junior 
scientists wishing to be trained in those 
aspects of cancer reseerch related to the 
Agency's own programme epidemio- 
logy, biostatistics, environmental and 
viral carclnogenesis and mechanisms of 
carcinogenesis. Applicants should be 
engaged in research in medical or allled 
sciences and Intend to pursue a career 
in cancer research. Applications cannot 
be accepted from people already hold- 
ing fellowships enabling them to study 
abroad 

Fellowshipe are normally awarded for 
one year and are tenable at the Agency 
or in another suitable Institution abroad. 
Fellows will, in general, be selected 


Reference beta radiations 
for calibration purposes 


BS 6689 Specification for reference 
beta radiations for calibrating dose- 
meters and daseratemeters and for 
determining their response as a function 
of beta radiation energy specifies 
requirements for reference beta radia- 
tions produced by radionuclide sources 
to be used for the calibrsnon of 
protection level dosemeters and for the 
determination. of thelr responso as a 
function of beta energy. It grves the 
characteristics of such radionuclides 
and examples of suitable source con- 
structions and deecnbes methods for 
the measurement of the residual 
maximum beta energy and the absorbed 
dose-rate at a depth of 7 mg cm? 
in a semiinhnite tissue-equivalent 
medium. The energy range involved lies 
between 86 keV and 3.6 MeV and the 
absorbed dose-rates are in the range 
from about 10 uGy h~t to at least 10 Gy 
h-i. Two series of reference beta 
radiations are propoeed from which the 


from applicants with some postdoctoral 
research experience related to cancer in 
medicine or the natural sciences. 
Applicants requiring basic tralning in 
cancer epidemiology will also be con- 
sidered They must have an adequate 
knowledge, both written and spoken, of 
the language of the country in which 
their fellowship s tenable. 

Stpends will vary according to the 
cost of living in the country of study. 
The cost of travel for the applicant and, 
In certain. circumstances, that of one 
dependent will be met 


Visiting scientist award 1987-1988 
This award (one per year) is intended 
for established cancer research workers, 
with a minimum of five years’ postdoc- 
toral expenence, who wish to spend 
one year at IARC, working on the 
Implementation of a collaborative 
reeearch project related to the Agency's 
own programmes. epidemlology, bio- 
statistics, environmental and viral 
carcinogenesis and mechanisms of 
carcinogenesis. 

Applicants must belong to the staff of 
a university or a research Institution. 
They must provide a written assurance 
that they will have a poeltion to return 
to at the end of the period of award 
Candidates shouid submit their applica- 
tions after consultation with an IARC 
scientific staff member. Applications 


radiation neceesary for determining the 
characteristics (calibration and energy 
response) of an instrument will be 
selected 

The standard 1s identical to ISO 6980 
published by the internal Organization 
for Standardization (ISO) Coples of 
BS 6689 may be obtained from the 
Sales Department, British Standards 
Institution, Linford Wood, Milton 
Keynes MK14 6LE, price £16 50 (£6.60 
to BSI subscribing members) 


The lonising Radiations 
(Fees for Approvals) 
Regulations 1986 . 


The /onising Redlatons Regulatons 
1985, which came Into operation on 
January 1, 1988, provided for the 
approval, by the Health and Safety 
Executive (HSE), of doeimetry services 
and of certain types of articles contain- 
ing radioactive substances 

Since It has been the policy of the 
Health and Safety Executive/Comms- 
sion to make charges to recoup the cost 
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will be reviewed by the Fellowships 
Selection Committee each year There 
will be an annual remuneration and the 
cost of travel will be met. 

Fellowship application forms and 
more detailed information are avallable 
from Chairman of the Fellowships 
Selection Committee, — international 
Agency for Research on Cancer, 150 
cours  Albert-Thomas, 69372 Lyon 
Cedex 08, France Applicatons must 
reach the Agency not later than 
December 31, 1886 


New neuroradiology post 


Dr Tim Jespan, Senior Registrar in 
Radiology on the Nottingham/Derby 
training scheme, has been appolnted as 
the first incumbent of a new post—The 
Merck Fellowship in Neuroradiology at 
the University Hospital in Nottingham 

This post is designed to give further 
training and experlence In neuroradio- 
logy to Individuals holding the F.R.C.R 
who wish to specialise in this branch of 
radiology. The post offers expenence 
with all forms of neurorediological 
investigation including computed 
tomography, digital vascular imaging 
and magnetic resonance imaging. 

As the ttle implies, this Fellowship 
has been endowed thanks to the 
generosity of Messrs E Merck Ltd. 


of confemng such approvals, the /onis- 
ing Rediatons (Fees for Approvals) 
Regulations 1986 (Si No 1986/6639), 
now published, contain the authority 
for these charges and the ratee payable. 
These regulations came Into force on 
May 8, 1988. 

Information on how to apply for 
approval may be obtained from any 
Area Office of the HSE Other charges 
made by the HSE were contained in the 
Health and Safety (Miscellaneous Fees) 
Regulstons 1986, which came into 
operation on Apni 1, 1986 

The lonming  Hadiatlons (Fees for 
Approvals) Regulations 1986, |SBN 
0 11 066669 0 price £0 80 s available 
from HM Stationery Office or 
bookshops. 


ICRU reports 
The MRC Radiobiology Unit, 


Chliton, Didcot, Oxon, UK (Tel 


0236-834393) is available as a 
source of supply of new reports from 
the International Commission on 
Radiation Units and Measurements 
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BIR calendar 
events 


Uniess otherwise indicated. enquiries 
about the following events should be 


i 
i 
i 
i 
i 


€————————— — 


addressed to the Assistant Secretary: | 


Programme, | British — Institute 


of | 


Radiology, 36 Portland Place, London : 
| Angela Lansdown, daily 9a.m.-5p.m. 


WIN 3DG (Tel. 01-580 4085). 


The meetings are at 36 Portland Place — 
unless otherwise stated. Attendance is | 


open to non-members. 


Joint RCR/BIR/RSM Autumn 
Provincial Meeting; RCR Annual 
General Meeting 

September 11-13, 1986 

University of Sheffield 

Organised by the RCR. Further details 
from the Meetings Secretary, The Royal 
College of Radiologists, 38 Portland 
Place, London W1N 3PG (Tei. 01-636 
4432/3). 


Regulations and Guidance on 
Radiation Protection: a seminar 
October 2, 1988 at 10 a.m. 


Middlesex Hospital Medical School, 
London W1 
Chairmen. Professor R. J. Berry 


(morning session) and Mrs J. Barrett 
(afternoon session). 

Speakers: Mr P. Beaver, Dr J. Gill, Mr 
R. Grix, Mr L Hendra, Mr B. Godfrey, 
Mr P. Richardson, Mr B. Aves, Dr L. K. 
Harding, Dr P. Roberts and Dr J. G. 
Russel. 

Joint BIR/COR meeting. 


Interventional Radiology of 

the Spine 

October 16, 1986 at 5.45 p.m. 
Provisional speakers include: Dr D. J. 
Stoker, Dr B. E. Kendall, Dr W.l 
McCall and Dr D. E. Colhoun. 


Accelerated and Hyperfractiona- 
tion: experimental and clinical 
November 14, 1986 at 11 a.m. 
Organised by the Radiobiology Sub- 
committee. To conclude with the 
Slivanus Thompson Memorial Lecture: 
“Tumour — structure and cancer 
treatment" by Dr R. H. Thomlinson. 


Library news 


| The BIR Library is open weekdays 
| 9 a.m.-5 p.m. (7 p.m. on 
Thursdays) 


The Librarian, Mrs Gunnel Ingham, is in 
attendance Tuesdays 11a. m.-5p.m., 
and Thursdays 11 a.m.-7p.m., and Mrs 


(Tel. 01-580 4085). 
The journal stock includes more than 
100 titles. Though journals may not be 


| taken out of the library, there is a 
| photocopy service, also available by 


' post. 
| available on 


A list of current journals is 
request and is also 


| published in the March and September 
' issues of the Bulletin. 


Most books (excepting the historical 


| collection) are available on loan. 
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Diagnostic and Therapeutic Uses 
of Radioisotopes in Oncology 
November 26, 1986 at 10.30 a.m. 

All day meeting to be organised by 
Nuclear Medicine Subcommittee. 
Chairmen: Professor R. J. Berry and Dr 
R. T. D. Oliver. Speakers to include: Dr 
J. Fogelman, Dr N. W. Garvie, Dr K. E. 


Britton, Dr M. Granowska, Dr A. 
Epenetos, Dr S. Clarke, Dr P.N. 
Plowman. 


Uroradiology Update 

January 15, 1987 at 5.45 p.m. 
Chairman: Dr D. Rickards, Speakers: Dr 
D. Rickards, Dr J. Pemberton, Dr 
C. E. L. Freer, Mr G. Watson, Dr R. 
Johnson, Dr W. Lees, Professor D. J. 
Allison. 

Joint BIR/RCR/RSM meeting. 


Nuclear Magnetic Resonance 
Update 

February 6, 1987 

Joint BIR/RCR all day meeting. 


Lung Studies with Radioisotopes 
February 11, 1987 

Joint IPSM/BIR (Nuclear Medicine 
Subcommittee) all day meeting to be 
organised by IPSM. 


All day non-topic proffered papers 
meeting 

February 13, 1987 

Joint ARR/BIR (Radiobiology 
Subcommittee) meeting to be 
organised by the Association of Radia- 
tion Research. 
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Recent additions to the Library 

Berquist, T. H. (Ed): Diagnostic 
imaging of the acutely injured patient. 
1985 


Davidson, A. J. Radiology of the 
kidney. 1985 
Levene, M. L, Williams, J. L. & Fawer, 


C.-L.: Ultrasound of the infant brain. 
1985 

Nyborg, W. S. & Ziskin, M. C. (Eds): 
Biological effects of ultrasound. 1985 

Potten, C. S.: Radiation and skin. 1985 

Prime, D.: Health physics aspects of the 
use of radioiodines. 1985 

Steel, W. B. & Cochrane, W. J. (Eds): 
Gynecologic ultrasound. Clinics in 
diagnostic ultrasound. 15, 1984 

Suit, H. D. & Proppe, K. H.: Soft tissue 
sarcomas. 1983 


MIHI Ie hem ener a n AENA V Mant tA eet eem He ARV e AI NIA enini men MISIT SAN EPA IAS IRA tq AL AA 


PACS and Related Hard Copy 
Systems 

February 25, 1987 

Chairman: Professor |. Isherwood. 

All day meeting to be organised by 
Industry Committee. 


Radiology '87 

April 1-3, 1987 

University of Southampton 

4bth Annual Congress of The British 
Institute of Radiology. 


The Finzi Lecture 

April 15, 1987 

Royal Society of Medicine, London 
“The solitary pulmonary nodule” by Dr 
S. Segalmann. 

Meeting to be organised by RSM. 


Annual General Meeting 
May 14, 1987 at 4.30 p.m. 


imaging in Radiotherapy 

May 15, 1987 

Chairmen: Dr D. Thwaites and another 
to be announced. 

Joint IPSM/BIR all day meeting to be 
organised by IPSM. 


Dysphagia 

May 20, 1987 

Royal Society of Medicine, London 
Joint RSM/RCR/BIR all day meeting to 
be organised by the RSM. 


BIR Bulletin m 


Press releases 


Air courier service helps 
leukaemia victims 

Airborne Express. an air courier 
company, is providing a vital service to 
victims of leukaemia and other blood 
disorders. 

Bone marrow transplants organised 
through the Anthony Nolan Research 
Trust in London are now proving an 
effective treatment for many treated 
leukaemia sufferers diagnosed at an 
early stage. A major problem, however, 
is finding suitably matched donors 
which can only be done by checking 
donor profiles from many countries 
around the world. This is where the 
speed and efficiency of the Airborne 
Express service is vital; blood sample 
analyses, medical charts and patients’ 
dossiers need to be sent to and from 
destinations all around the world, 
quickly and reliably. 

According to Dr James, head of the 
Anthony Nolan laboratories in London, 
a typical case could involve a patient 
from Cologne, Germany, who will be 
operated on in Seattle, USA, using 
marrow from a donor in London, 
Around a quarter of leukaemia sufferers 
can find a suitable donor from within 
their own family, but for the others the 
detailed information carried around the 
world by Airborne Express remains their 
best hope. 

Currently, there is no shortage of 
willing donors. In London, the Round 
Table Organisation holds donor clinics 
four evenings a week, at which blood 
samples are taken for analysis. The 
information produced is then stored on 
a computer and relevant details sent, on 
request, Via air courier, to hospitals and 
clinics all over the world. 

The Anthony Nolan Research Trust is 
named after a young Australian 
leukaemia sufferer who came to Britain 
in 1973 hoping to find a suitable donor 
for a bone marrow transplant. The boy's 
mother was told by Dr James that, 
given the lack of resources at that time, 
there was only one chance in 50000 of 
finding a suitable donor fast enough. 
Mrs Nolan reacted by spending the next 
few years organising a high-profile fund 
raising campaign, and enough money 
was raised for Dr James to recruit four 
graduate researchers and buy essential 
laboratory equipment. The Trust now 
receives £5000 of government funding 
per year, although its operating costs 
are £250000 and shortage of funds 
remains a major and increasing 
problem. 


Donations (money, not marrow!) 
should be sent to: Anthony Nolan 
Research Trust, St Mary Abbotts 
Hospital, Marloes Road, Kensington, 
London W8. 


Laad-loaded shielding putty 





Reactor Experiments, Inc., announces 
the availability of Shield/Clay, a non- 
hardening, reusable, lead-loaded 
shielding putty for use in orthovoltage 
X-ray therapy. It is designed to permit 
an accurate, reproducible technique for 
obtaining small ports in shields 
moulded to fit the patient. Shield/Clay 
protects skin tissue surrounding the 
treatment area. The putty is pliable, yet 
has enough consistency to hold its 
shape after placement. it can be 
removed after application, stored and 
reused repeatedly. It has a density of 
4.3 g/cm”. The putty is the equivalent 
of one-third the same thickness of lead. 
The lead in Shield/Clay is evenly 
distributed throughout the material so 
there will be no “holes” apparent to the 
radiation. 

For additional information and a free 
sample of Shield/Clay, please contact: 
Reactor Experiments, Inc., 963 Terminal 
Way, San Carlos, CA, USA 94070- 
3278, Telex No. 34 5505, or their UK 
representative, John Caunt Scientific 
Ltd, Oakfield Industrial Estate, Stanton 
Harcourt Road, Eynsham, Oxford OX8 
1JA. 


New  IDIS-HS real-time 
system from Quantel 

To facilitate an even wider range of 
applications to be undertaken using 
DSA, Quantel have developed the new 
High-Speed IDIS, which provides real- 
time picture capture and is particularly 
useful for applications where high 
recording speeds are desirable. 

This new high-speed addition to the 
IDIS family is capable of recording full 
resolution images at 6.25 images/s and 
reduced resolution images at 25 
frames/s onto a high speed Winchester 
disk. Two versions of the disk are 
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DSA 


available, a standard 336 Mbyte disk 
providing over 3 min of recording, or 
the 672 Mbyte option which doubles 
the recording time. Real-time subtrac- 
tion allows immediate visualisation of 
contrast medium during recording. 
Compactness and portability are main- 
tained as both fit into the standard IDIS 
trolley. In addition to the comprehen- 
sive image processing and measurement 
package available on the standard IDIS 


system, the | IDIS-HS offers the 
additional features of electrocardio- 
graphic gating, time interval 


differencing, colour-coded time of 
arrival and ventricularography. 

IDIS is a totally British product 
designed, built and successfully 
marketed world-wide by Quantel. The 
power, flexibility and excellent diag- 
nostic quality images of IDIS have been 
recognised throughout the world and 
reflected by the number of systems now 
in usa. 

For further information contact Susan 
Hayselden, Public Relations Officer, 
Quantel, Kenley House, Kenley Lane, 
Kenley, Surrey CR2 5YR (Tel. 01-668 
4151). 


Third generation DSA 

The long-term experience of Kontron in 
general image processing has resulted 
in the MIPD digital radiography system 
which, apart from pure subtraction, 
applies complex algorithms in order to 
eliminate artefacts that are caused by 
patient movement. In addition, the filter 
algorithms for noise reduction and 
contour enhancement further improve 
the image quality. The array processor 
which is a standard feature in the 
MIP D enables complex procedures 
such as stenosis quantification and 
parametric images to be easily 
computed. 

Due to the system's large 16 Mbyte 
semiconductor memory, it is possible to 
extend the application of the image 
processing system in the field of 
radiology to include the field of digital 
fluoroscopy as well. Data acquisition 
with a frequency of up to 50 images/s 
allows digital storage of motion 
sequences. The advantage of this tech- 
nique is the display of any motion 
sequence over any period of time with 
the radiation switched off. This 
facilitates diagnosis and, moreover, 
results in a reduction of radiation 
exposure. 

For further information, contact: 
Kontron Instruments, Medical Image 
Processing, Breslauer Str. 2, 8057 
Eching bei Muenchen (Tel. 089-31901 
220). 
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Colour flow mapping for real-time 
imaging of cardiovascular blood 
flow 

Colour flow mapping is now an 
upgrade to the Hewlett-Packard ultra- 
sound systems | HP77020AC and 
HP77020AR. it provides real-time 
imaging of cardiovascular blood flow 
and results in faster mapping of 
regurgitant lesions. The | colour 
representation of blood is shown as a 
two-dimensional image with colours 
coded according to the direction and 
velocity of blood flow relative to the 
position of the transducer. 

Clinical applications of colour flow 
mapping include characterisation of 
blood flow profiles and possible flow 
areas of vessels, rapid detection and 
localisation of abnormal flow, 
quantification of regurgitant jet areas 
and determination of stenotic jet angles 
for a more accurate CW Doppler 
quantification. Information not shown 
on two-dimensional and Doppler 
images, such as the flow pattern and 
velocity with which blood fills the 
ventricles, may be seen with colour and 
multiple lesions are easier to identify. 

Hewlett- Packard's colour flow 
mapping technology has been 
incorporated into the HP77020 phased- 
array imaging system without com- 
promising any of the existing features 
such as the two-dimensional image and 
Doppler quality, as well as the system's 
reliability and portability. 

For further information please con- 
tact: Literature Section, Hewlett- 
Packard Ltd, Eskdale Road, Winnersh 
Triangle, Wokingham, Berkshire RG11 
5DZ (Tel. 0734-696622). 


Medical product development in 
central London 

The South Bank Technopark, since 
opening in May 1985, has set up 17 
development activities occupying about 
60% of its available space. The 
Technopark, which is the largest in the 
country, has already recognised the 
need to expand and a new wing is now 
planned for completion by the end of 
1987. An entirely new venture, the 


formation of the Medical Products 
Centre, has been started in space 
reserved within the existing 
Technopark. Enthusiastic support is 


being provided by leading technology 
and investment organisations in 
London. Effective collaboration has also 
been arranged with expert advisers in 
the Health Service. Hospitals, com- 
panies and individuals, with good 
proposals for new medical products, 
now have the possibility of gaining 


adequate facilities to carry out new 
product investigation, design, pre- 
production and market introduction, for 
which they may not have resources of 
their own, either in terms of space or 
technical, managerial and financial 
needs. 

The Centre can offer: ample space in 
various unit sizes for development work, 
a location in the heart of London, 
shared business services to improve 
efficiency and reduce overheads, tech- 
nical support from the South Bank 
Polytechnic (including library services, 
computing, machining, fabrication, 
printed circuit board construction, and 
measurement and testing), consultancy 
aid in design and evaluation of the 
developing product, assistance in pro- 
duct trials through the DHSS and the 
NHS, and identification of potential 
suitable manufacturing and marketing 
organisations. 

To take advantage of this opportunity 
send, to the address below, a summary 
of the proposed development project 
giving relevant information about the 
facilities required and a possible time 
scale. All this will be treated entirely 
confidentially and will form the basis of 
negotiation for the necessary allocation 


of space and resources. Further 
information from: Derrick Patient, 
Consultant, Medical Products Centre, 


South Bank  Technopark Ltd, 90 
London Road, London SE1 6LN. 


Range of Micro cast collimators 
for gamma cameras 

Van Mullekom Nuclear Fields have 
introduced a considerable extension to 
their range of tead Micro cast 
collimators for scintillation gamma- 
camera systems for nuclear medical 
applications. 

The new Micro cast collimators, 
which are manufactured by a unique 
casting process, have a higher mesh- 
number than the current types. The 
various models have hexagonal, tri- 
angular, square and round holes with 
diameters of 1.2 mm or more. The septa 
thickness (the amount of material bet- 
ween two adjacent holes) is very small, 
down to only 0.1 mm in the newest 
models. These thin septa were, in the 
past, only achievable with foil designs. 

Van Mullekom offers collimators with 
a parallel, converging. diverging and 
parallel-diverging hole configuration. 
The range includes 7-pinhole colli- 
mators as well as single-slanthole and 
double-slanthole collimators. Depend- 
ing on the model, the thickness of the 
collimator can vary from 16 mm to 
100 mm. They are suitable for applica- 
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tions in the range from 70 keV to 
511 keV. The standard types have an 
effective diameter between 250 mm and 
530 mm. If the standard range does not 
include a given collimator for a specific 
application, models can be built to order 
and to a client's non-standard specifi- 
cations. 

The collimators and other lead pro- 
ducts for nuclear medicine applications, 
such as lead castles, lead shields, etc. 
are produced and supplied by Van 
Mullekom Nuclear Fields B.V. in 
Vortum-Mullem, The Netherlands, and 
Van Mullekom Nuclear Fields 
(Australia) Pty Ltd in St Marys, New 
South Wales, Australia. 


Erbium X-ray filters 

Erbium X-ray filters, now available from 
Reactor Experiments, inc, reduce 
patient dose by as much as 50% in 
many common diagnostic radiological 
techniques. The filters are designed to 
replace or augment existing aluminium 
filters. No decrease in radiographic 
image quality is experienced with the 
use of erbium X-ray filters. 

Erbium, a member of the rare-earth 
group of the periodic table, absorbs the 
low energy X rays as well as those at 
the high energy end of the spectrum: 
erbium filters provide excellent trans- 
mission of those X rays which contri- 
bute to the radiographic image while 
filtering out those that would normally 
be absorbed in the body. The filters are 
available to fit all diagnostic X-ray 
machines, including dental machines, 
For further information and copies of 
selected technical references, please 
contact: Reactor Experiments, Inc., 963 
Terminal Way, San Carlos, CA, USA 
94070-3278, Telex No. 34 5505. Our 
UK representative is John  Caunt 
Scientific Ltd, Oakfield industrial Estate, 
Stanton Harcourt Road, Eynsham, 
Oxford OX8 1JA. 


Responsibility for Philips radia- 
tion therapy business transferred 
to MEL, UK 

MEL, the Philips Defence and Medical 
Systems Company in the UK, based in 
Crawley, Sussex and Philips Medical 
Systems Division (MSD) in Best, 
Holland have reached an agreement 
whereby the whole of the Philips 
radiation therapy business has become 
a business accountable product centre, 


based at MEL. This centralisation 
includes all of the marketing and 
technical operations aspects of the 


business world-wide. The new General 
Manager for Philips Medical Systems at 
MEL is Mr Phil Holder. 


BIR Bulletin 


Meetings and 
courses 


As a service to our readers, the title 
date and piace of meetings and contact 
addroes will be inserted free of charge: 
any additonal information will be 
charged at £1.76 per printed line, per 
Insertion. Please contact the Managing 
Editor. 


Postgraduate Fellowship Chest 


Radiology 

Continuing education 

San Diego School of Medicine, 
California, USA 

Further details Secretary to Dr P J. 
Friedman, Radiology Department, 
University Hospital, 226 Dickinson 


Street, San Diego, CA 92103, USA (Tel 
619-294 6684) 


Visiting Fellowshipe in Magnetic 
Resonanoe Imeging 

Continuing education 

UCSD Medical Center/AMI Magnetic 
Resonance Institute 

Further details. Vicki Broughton, Dept 
of Radiology, UCSD Medical Center, 
226 Dickinson St, San Diego, CA 
92103, USA (Tel 619-294 3856) 


The Christie Hospital Symposium 
on Three-Dimensional Imaging, 
Three Dimensional Planning and 
Update on Current Trials 

November 7-8, 1988 

Christie Hosprtal, Manchester 

The fifth annual symposium will 
concentrate on three-dimensional 
imaging and three-dimensional therapy 
planning. There will also be an update 
on current trials at the hospital. 

The course ıs intended fo 
consultants but there will be a limrted 
number of places for senior registrars 
and registrars 

Further details Dr B. Hancock, 
Christie Hospital, Wilmslow Road, 
Withington, Manchester M20 9BX. 


Advanced Seminar on Diagnostio 
Radiology Dosimetry 

November 10-14, 1988 

CEC Joint Research Center, Ispra, Italy 
Further details. C. Maccia, Centre 
d'Etudes sur l'Evaluation de la Protec- 
tion dans le domaine Nucleaire (CEPN), 
Boite Postale No. 48, 92280 Fontenay- 
aux-Roses, France (Tel 1 46 64 76 59) 


XIVth Sympostum of the Frenoh 
Association for Teohnioal and 
Sclentifio Radiation Protection: 
radiation protection problems 
encountered In great 
developments of new techniques 
and technologles 

November 26-28, 1986 

Pans, France 

Subjects industnal irradiation, non- 
destructive controla, radioactive gauges, 
mixed oxide fuel in LWR's cycle, 
controlled nuclear fusion, underwater 
Operations in nuclear plants, fast 
breeder reactors, radioactive transports 
and non-ionising techniques 

Language. in French only. 

Further details Secretariat GRA, SPR, 
CEN Saclay, 91191 Gif sur Yvette, 
France 


18th Annual Meeting of the 
British Medical Uitrasound 
Society 

December 16-18, 1986 

University of Warwick, Coventry 
Further details. Mr M. F. Docker, Ultra- 
sound Dept, Birmingham Matemrty 
Hospital, Birmingham B16 2TT 


Advanced Seminars in Diagnostic 
imaging 

January $-12, 1987 

San Diego, Callfomia, USA 

Further detalis: Ryals & Associates, PO 
Box 920113, Norcross, Ga 30092- 
0113, USA (Tel 404-641 9773) 


Practical Approach to Duplex 
Imaging 

January 22-24, 1987 

San Diego, Calrfornia, USA 

Further details: Ryals & Associates, PO 
Box 920113, Norcross, GA 
30092-0113, USA (Tel 404-841 
9773) 


January 28, 1987 

City Conference Centre, London 
Further details: Professor J H Martin, 
Department of Medical Biophysics, 
Building 15, Park Wynd, University of 
Dundee, Dundes DD1 4HN. 


Imaging Solutions to Clinical 
Probloms 

February 9-25, 1987 

Aboard Royal Odyssey with a destina- 
tion of Australia and New Zealand 
Further details. Ryals & Associates, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel 404-641 9773) 


BbO 


Neuroradiology Update 

March 2-5, 1987 

San Diego, Calrfonia, USA 

Further details: Ryals & Associates, PO 
Box 920113, Norcroes, GA 30092- 
0113, USA (Tel. 404-641 9773) 


Magnetic Resonance Imaging for 
Technologists: symposium and 


workshops 

March 3-5, 1987 

San Diego, Calrfomia, USA 

Further details Ryals & Associates, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel 404-641 9773), 


Magnetio Resonance Imeging 
March 3-68, 1987 

San Diego, Calrfomia, USA 

Further details Ryals & Associates, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel 404-641 9773). 


British Nuolear Medicine Society 
Annual Congress 

April 12-15, 1987 

Impenal College, London 

Further details: Mrs A. Taylor, BNMS 
Conference Secretary, 22 Leinster 
Avenue, East Sheen, London SW14 
7JP 


7th Annual San Diego Residents’ 
Radiology Review Course 

Apn! 19-25, 1987 

San Diego, Calrfornia, USA 

Further detalls: Ryals & Associates, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel. 404-641 9773). 


Euroson ‘87: 6th Congress of the 
European Federation of Societies 
for Ultrasound in Medloine and 
Biology 

June 14-18, 1987 

Finlandla Hall, Helsinki, Finland 
Further details. Congress Bureau, PO 
Box 824, SF-00101 Helsinki, Finland. 


1st Copenhagen Symposium on 
Uroradiology: imaging and inter- 
ventional techniques 
September 7--10, 1987 
Herlev Hospital, 
Copenhagen, Denmark 
Further details Dr Hennk S. Thomsen, 
Department of Diagnostic Radiology 
B4E2, KAS Herev, Herlev Ringvej, DK- 
2730 Heriev, Denmark. 


University of 


3rd Annual Physics and Biology of 
Radiology 

August 31-September 4, 1987 

San Diego, California, USA 

Further details. Ryais & Associates, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel 404-641 9773). 


BIR Publications 


Basic Clinical Ultrasound 
Hylton B. Meire and Pat Farrant. 170pp. 99 ill. 1982 £12.00 


Central Axis Depth Dose Data for Use in Radiotherapy 
British Journal of Radiology Supplement 17. 1983 £8.00 


Treatment Simulators 
(Applications of Modern Technology in Radiotherapy) 
British Journal of Radiology Supplement 16. Revised 1981 £3.50 


Quality Assurance 

Proceedings of a CEC/CRAD Scientific Symposium on 

Criteria and Methods for Quality Assurance in Medical 

X-Ray Diagnosis. Udine (Italy), April 1984. 

British Journal of Radiology Supplement 18. 1985 £16.00 


Orders to: 

Publications Department, 

The British Institute of Radiology, 

36 Portland Place, London W1N 3DG (Tel: 01-580 4085) 


British Journal of Radiology Supplement 19 


Radiation Damage to Skin 


Fundamentals and Practical Aspects 


Proceedings of a Workshop held at Saclay, France, on October 9-11, 1985, organised by the 
Commission of the European Communities and the Commissariat à l'Energie Atomique de Protection 
et de Süreté Nucléaire, Fontenay-aux- Hoses, France. 


Skin and underlying tissues are frequently critical structures in radiological protection. Over exposure 
to ionising radiation can cause serious long-term suffering and disability. 

Despite their practical importance, the dose-effect relationships, the pathophysiological 
mechanisms and the influence of the degree to which different tissues are involved are still poorly 
understood. 

This Workshop and Proceedings bring together those at the forefront of research in these areas 
from all over the world. They review the present state of knowledge and attempt to identify specific 
problem areas which may lead to recommendations for the improvement of radiological protection 
and for the better management of radiation accidents. 

Radiation Damage to Skin is, therefore, a vital reference work for everyone working in radiation 
protection and dosimetry. 


ISBN 0-905749-13-8 Price £18.00 including postage and packing 
ISSN 0007-1285 About 200 pp.; illustrated 
Available August 1986 


Orders to: The Publications Department, The British Institute of Radiology, 36 Portland 
Place, London W1N 3DG. Tel: 01-580 4085. 
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EASY EXAMINATIONs WITH 
NUBAIN ANALGESIA 








strong, effective non-MDA analgesic, suitable | 
for use during endoscopy or colonscopy and 
radiological and gynaecological investigations — |... 
ceiling" effect to respiratory depression 
reduces risks associated with opioid use 
minimal effect on cardiac haemodynamics 
when used during catheterization’ 

allows more accurate diagnosis of bile duct 
and gut obstructions due to minimal inter- 
ference with function’ and motility’ 





NUBAIN 


Effective, comfortable 
analgesia during clinical 
investigations 





Prescribing Information 


Presentation: Nubain* njection, Z0mg of nalbuphine hydrochloride in 2mi a References lier ec jyipuphine | and 

Uses: For the relief of moderate to Severe palt presse hatory resi 5 t 1 H Henge. Anaesth 198 
Dosage and Administration: 10. 20mg for à JRE individual, adjusted a tding ! 57: No 3A. 2. Fahmy NI 1e4 A i i hista { i 
the severity of pair physica! Status of the patient and con mitant mechcatior ind | n ; en n n | [ H huma 

Jubain IS NOt recommended for childrer Anes i | 45 j Sky E. Hà ect of nà t 
Contra-indications: Hypersensitivity to Nubav Nubat! i mpared t and fentany bile dux re 
Precautions and Warnings: Use with care in known and potentia piod abuser: 198: ] ih n 1 MD. Effect 

Als Care in active patents who may anve or oper ite machinery. Caution ir Dat t t and ¢ pa j testina ty 
wilt paired respiration. Safety for use in myocardial ir farction is not yet established fter surgery. Br J. Anaesth. 1984:56 1235-8 

Caution and Jose reduction ir patients with impaired renal or hepat functi Sate use Further ftormatior j n D im 

not established in pregnancy and in conditions of raised intracranial pressure Pharmaceuticals, Wecgw Way, Stevenage, Hertf 

Abr ipt discontinuation of chronk therapy may produce witt drawal symptoms leleohone O4 38! 734549 

Side Effects: The mo t frequent reacti s Sedation. Also sweating, nausea. v rmitinj Nubain* i re In 


dizziness, dry mouth. vertigo and headache and other opioid effects may oi f 


gistered trade mark of E.l. du Pont de Nemours a d Ci 
Product Licence No.: 4524/0003. NHS Price: £11.60 per box of 10 « 2i ampoule u Pont Pharmaceuticals dU POND 
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the new Ximatron CX 


for advanced Simulation. 


X3, 


For Exact Simulation™, Varian presents the new family of Ximatrons: 
CR. CF and CX. Tailored to your needs, each model performs 
with the same outstanding precision. 


Extensive use of microprocessors in the new control system promote 
speedy and convenient patient set-up. Single button activated 
functions support and greatly simplify patient handling. The control 
console with its colour graphics allows unparalleled communications 
between operator and machine. 


Designed to closely match actual therapy machines, the new couch 
allows realistic and Exact Simulation'M of modern demanding treatments. 
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iakin sodium ioxaglate injection) 
low osmolar contrast medium 


Dosage: According to procedure (see Data Sheet). Contra-indications: Must never be injected by subarachnoid or epidural 
route; phy. Patients known to suffer from allergy, asthma, severe cardiovascular disease, advanced renal disease, diabetes 
and myelomatosis. nancy. S Mild warmth, metallic taste, nausea, vomiting, headache, hypotension and urticaria have been 
reported occasionally. Meglumine ioxaglate 39.3% w/v and sodium ioxaglate 19.65% w/v injection solution (320mg combined iodine 
pom in boxes of 10x20ml ampoules, 10x50ml bottles and 10x 100m! bottles. Quantities and Prices: Boxes of 10x20ml ampoules 
.15. Boxes of 10x50ml bottles £87.87. Boxes of 10x 100mi bottles £167.00 (Feb. '86). PL No. 0012/0135. Hexabrix 320 is a 


istered trade mark. Further information is available on request. May & Baker Ltd.. Dagenham, Essex RM10 7XS. MAIT Mav Baker | 
Pap pii price per gram of iodine. MA IRSA dio dis 4:3 Mav& Baker 











SOMATOM CR from Siemens - 
Compact CT Scanner with the 
top range features 








SOMATOM® CT scanners from 
Siemens have always had a 
reputation for clinical excellence, 
fast patient throughput and 
reliability. 

Now there is anew member of 
the family - the SOMATOM CR 
- with all the features you 

would expect from Siemens at 
an attractive price. 


The SOMATOM CR is manufac- 
tured on the same production 

line as the SOMATOM DR range 
— a guarantee for supreme stan- 
dards of engineering coupled with 
a high level of compatibility in 
hardware and software. 


A full 360 degree scan in only 3 seconds, fast image process- 
ing and the OPTI 151 X-ray tube will provide sufficient scan 
capacity even for the busiest department. 


The unique MICROMATIC* high-frequency generator provides 
highly reproducible power conditions. 


The SOMATOM CR is installed within a very limited space - 
less than 30 square metres — and this does not just apply to 
the basic configuration. All optional peripherals of the 





SOMATOM DR range can also be connected to the CR and 


the space is already prepared. 


Add to this our range of cas- 
sette or automatic magazine 
MULTISPOT* cameras and a 
512 x 512 image display and 
you have a complete system 
that fully meets your demands 
for quality. 


For more information contact: 


Siemens Limited 

Medical Division 

Siemens House 

Windmill Road 
Sunbury-on-Thames 
Middlesex TW16 7HS 
Telephone: (0932) 785691 
Telex: 8951091 


Setting Standards in Diagnostic 
Imaging...Siemens 


Depth perception 





Images of teenage female with calcifying intracranial tumor causing hypertelorism. Plain film suggests fibrous 
dysplasia. 





CT 9800... putting technology 
and your clinical requirements 
i into perspective. 


Creating diagnostically useful 
technology requires co-operation 
between manufacturer and clini- 
cian... the kind of co-operation 
General Electric (USA )* has nurtured 


from the early days of CT. 


This philosophy of working together 

has resulted in a number of new 

developments: 3-D imaging, Xenon 

Blood Flow Mapping, Correlate ~ 

and other diagnostic methods... 

innovative techniques that broaden 
# CT 9800's clinical utility. 


The future perceived 


Besides its obvious value to recon- 
structive surgery, 3-D imaging 
promises to have other far-reaching 
and practical applications, including 
assessment of complex fractures of 
the facial bones, pelvis and spine. 
And 3-D imaging of joints before 
replacement surgery will allow such 
procedures to be completed faster 
and with better results. 


Xenon Blood Flow Mapping is 
another innovation pioneered by 
¢ General Electric (USA)*. The CT 
9800's exceptional contrast sensiti- 
vity makes it practical to use non- 
anesthetic concentrations of Xenon 


GENERAL GO ELECTRIC —* / 


*not connected with the English Company of a similar name. 
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to image perfusion of brain tissue 
and of other soft tissues... an invalu- 
able technique for determining 
tissue viability, and for assessing the 
efficacy of surgery in restoring 
blood flow to affected areas. 


Investing in security 


When you invest in CT 9800, you're 
choosing a system that is the stan- 
dard in CT imaging... the standard 
for image quality, for efficiency, for 
adaptability. You're investing in 
thorough training programs and 
solid service support. 

By choosing CT 9800, you're inves- 
ting in the future, because we're 
dedicated to meeting your clinical 
requirements today and exploring 
with you the diagnostic possibilities 
of tomorrow. 

To find out more about how the CT 
9800 system can add procedural 
depth to your department, contact 
your General Electric sales repre- 


Xenon image showing stroke 
one day after left MCA incident 





Correlate plot for surgical and 
radiation planning. 
















sentative. 

I.G.E. Medical Systems Ltd. 

Coolidge House 260 Bath Road " 

Slough, Berks SLI 4ER EIN »( 

Tel. 0753- 874000 1 x, 

Tix. 848684 a/bigeslog a 
N Om 





This ts Toshiba 

4th generation CT. 
Only the casing is 
the same. 








At first glance, the TCT-900S could quite easily be 
mistaken for any other CT scanner. 

Now take a closer look. Behind the gantry casing is 
a ring of over 2000 solid-state detectors. Outside this 
ring, the X-Ray tube rotates by means of a revolution- 
ary nutate mechanism (see diagrams). Because the 
detectors are closer to the patient, image resolution is 
greatly enhanced both in high and low contrast areas. 

The TCI-900S requires 
only 0.6 seconds for a scan, 
and, using a unique slip- ring 
design, data can be recon- 
structed with 100 milliseconds 
intervals to facilitate visualiza- 
tion of continuous motions, 
such as heart and intestines, in 
real time. 

Multi-planar reconstruc- 
tions (MPR) are made in real 
time, using high speed proces- 
SOTS. 

Ergonomy has not been 
forgotten; the patient couch 
can, for example, be adjusted 
from 30 to 75 cm to provide 
easy ACCESS. 

Since its introduction last 
year at Chicago's RSNA 
convention, this 4th generation 
TOSHIBA CT scanner has 
been hailed as a major contri- 
bution to medical diagnosis. 








Toshiba Computer Tomography, 
widening the scope of diagnosis. 


loshiba Medical Systems Ltd., 16, Barclay Road, 
Croydon CRO IJN, United Kingdom, Tel. (01) 681 1171, telex 946154. 
loshiba Medical Systems Europe, 
Schieweg I, 2627 AN Delft/Holland. Tel. (015) 610121. 







Meets all the needs 
of Computer Tomography 


@ Excellent resolution images are obtained with high 
performance detector and high density data sampling. 

E High-speed scanning 

ll Scanning conditions: Preset type 

E image display monitor and character display monitor 
are provided. 

E Variety of programs are provided for image treatment. 


WHOLE BODY X-RAY CT SCANNER ES 


SCT-2000T | 


SHIMADZU CORPORATION, INTERNATIONAL MARKETING Div 


SProryerke yy Mate Bu ! T 


Phone Tor " ET bat "m i Tee n N me LT 
SHIMADZU (EUROPA) GMBH 

Acker Strasse 111 4000 Dusseicort F A Carri 

Phon” WAR tye | 


MEDICAL X-RAY SUPPLIES LIMITED 


Pnecne | 














Philips Medical Systems’ 
enhanced fluoroscopic imaging 
system is a small device that 
makes big things happen. 


The clear images that it pro- 
duces are vital in PTCA and PTA 


operations. s 

They permit greatly increased | 
accuracy in positioning the fine E B ; xf 
balloon catheter used to treat ar- | | 


terial stenoses - despite the low- 
contrast operating circumstances. 

That, in turn, makes this form 
of treatment much simpler, and 
much safer. 








- 


Enhanced fluoroscop ic imaoes. 


How TA halos | in PICA. 


Fluoroscopic imaging is only 
' one of the fields in which Philips 
Medical Systems is working in 
research to provide the world’s 
medical profession with superior 
tools for patient diagnosis, treat- 
ment and care. 








Philips Medical Systems 
Kelvin House 
63-75 Glenthorne Road, 
Hammersmith, 
LONDON, W 6 OLJ 


The sure sign in imaging systems. 


S Systems PHILIPS 


PRECISE BIOPSIES 


WITH BIOPTY™ — THE NEW, ADVANCED 
AUTOMATIC BIOPSY SYSTEM 


This major innovation in biopsy techniques from Radiplast, Sweden, enables 
cut-biopsies to be performed faster and with better results. An automatic 
spring trigger in the re-usable instrument allows single-handed operation of 
the disposable needle and cannula, providing specimens suitable for 
histology, as well as cytology, in a wide range of biopsy applications. It 

is now possible to use the free hand for guiding an ultrasound 

transducer making for easier, faster ultrasound guided biopsies with 
greater sample accuracy. 

The Biopty instrument can be sterilised in a sterilising solution, 

or autoclaved. Disposable needles in either 14g or 18g are 

supplied in peel-open sterile packs. 
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413 March Road, P.O. Box 13140, 
Kanata, Ontario, Canada K2K 2B7 
Telex: 053-4982 

Tel. (613) 591-2100 


Dear Customer, 


On behalf of AECL Medical's 260 employees and representatives 
in 59 countries, | would like to thank you for your continued 
support during the past year. 


AECL's proud tradition in radiotherapy began with the produc- 
tion of the world's first commercial cobalt teletherapy unit in 1951. 
In the next 34 years, we developed a full range of radiotherapy 
products. One year ago, after careful deliberation, we decided to 
specialize in the areas we know best; cobalt therapy, radiotherapy 
treatment planning and service of all radiotherapy products includ- 
ing simulators and linear accelerators. A year of specialization 
has resulted in the all new Phoenix Cobalt Therapy unit and the 
improved 'C' version of our famous Theratron 780 unit. 


A special thanks to the hospitals and clinics who during the 
past year purchased 36 cobalt units, 25 treatment planning 
Systems, 150 cobalt 60 sources and allowed us to expand our ser- 
vice business by more than 20%. This type of support allows us 
to provide you with the most technologically advanced products in 
the industry. 


Yours truly, 


"yYA- o — TC 


Frank Warland 
Vice President 
AECL Medical 


P.S. Watch for our exciting new 300 series Theraplan and TP-11L 


radiotherapy planning systems. IMPROVED HARDWARE AND 
SOFTWARE AT REDUCED PRICES! 


A division of 
Atomic Energy of Canada Limited 
i DL 
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Brown Boveri sets new standards: 
fully microprocessor- 

controlled linear accelerators ` 
DYNARAY-CH. 


Brown Boveri linear accelerators equipped with the DP 800 micro- 
processor control system have proved themselves in clinical practice. 
Users have helped to shape the software which has now reached a 
high level of maturity and reliability. 

The control system is the same on all DYNARAY-CH linacs 
whether your requirement is a photon only unit, a single photon and five 
electron energies to 16 MeV or dual photon and seven electron energies 
to 20 MeV 

Automatic routines for arc therapy, wedge fields, check films and 
assisted set-ups are amongst the standard features. The verification and 
record system DYNAVER S, available on all units, provides a 
een racon of settings and treatment 








the DYNAVER M enables 


be linked at a higher man- 
agement level. 

We don't just promise it —— WW 
we have it! 





|. For more information contact: 
British Brown-Boveri Ltd. or. .-BBC Brown, Boveri & Company, Ltd. 
Darby House, tawn Central Radiotherapy Department 
- GB-Telford, Shropshire TF3 4JB PO. Box 58, CH-5401 Baden/Switzerland 


Telephone (0952) 502.000 Telephone 056/75 4504 or056/751111 BROWN BOVERI 
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CGR 
Supra 125 


Mobile X-ray unit using 
T3amp socket outlet 















The new CGR Supra 125 provides 
mobile radiography where very 
short time exposures are required - 
such as Emergency Rooms, Intensive 
Care, Pediatrics and Delivery Rooms 
- and heavy duty equipment would 
be unrealistic. 


The Supra 125 has highly versatile 
tube angulation to facilitate correct 
positioning within confined spaces 
and is motor driven with dual 
speeds for easier manoeuvrability. 


The Supra 125 has precise steering 
control for negotiating narrow 
doorways, crowded hallways and 
Cluttered resuscitation rooms. 


Full details and specifications from:— 


CGR MEDICAL LIMITED 


Astronaut House, Feltham, Middx. Tel: 01-890 8166 


Branches at: Birmingham, Bristol, Cambridge. Edinburgh, 
Glasgow. Leeds, Manchester 
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DIAGNOSTIC ULTRASOUND 
-the perfect partnership. 


Aloka — innovative, experienced, quality-orientated 


Key Med — successful, efficient, service-orientated 
— world leaders in diagnostic ultrasound. 


— a forward-thinking medical equipment company. 
Together we're looking to the future. 








SSD-2ZIO0DXH 

Phe SSD-210DXI1 is 
the smallest and most 
portable unit in the 
\loka r inyt ^ linear 


2005 111 TELL es 
SSD-248 
The SSD-248 is an 
ntermediate B and M 


array scanner with à mode machine with 


wide t hoice of probes hoth lint ar and sector 


scanning capabilities 
incorporating key boar 
and jowstick 


SSL-280LS 


"SD-850 
The SSD-280LS is à 


The second generation 
ot Aloka i olour 


doppler, with both 


sophisticated and high 
quality unear, convex 
ind sector scanner continuous and puise 


wave facilities 


i The most versatile uni! 


in the Aloka rangi 


ALOKA — LEADERS IN DIAGNOSTIC ULTRASOUND FOR 


* OBSTETRICS & GYNAECOLOGY * CARDIOLOGY 
k ABDOMINAL SCANNING * UROLOGY * SMALL PARTS 


PIONEERS IN REAL-TIME ULTRASOUND & COLOUR DOPPLER TECHNOLOGY 

For full details or a demonstration of the Aloka range of diagnostic imaging systems 
contact Key Med Customer Liaison on 0702 616333. 

Key Med — exclusive distributors for Aloka in the United Kingdom and the Republic of Ireland. 


KC/7MCS 


Scotland: KeyMed. Peel House 





dywell East. Livinqgstor 
EH54 BAH Telephone (0506) 41665! 
Ireland: KeyMed Ireland Lid | KeyMed House. Lord t } 
. ò P Cruirn Iruyto Sheet Dubi - 
Specialised Services to Medicine ets s es pues Hugar 
" 3| epnh« H 77489 
KeyMed (Medical & Industrial Equipment) Ltd ees 


KeyMed House. Stock Road, Southend-on-Sea, Essex SS2 SOH 
Teiex 995283 Facsimile gi 


USA: KeyMed inc.. 400 Airport Exe 
702) 65677. Telephone (0702) 616333 (24 lines) Sor 


Spring Valley, New York *0977 Telephone: (914) 4 
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ENERGY ACCELERATORS 


SL25 6 & 25 x-rays 
4-22 MeV electrons 
P ENS js 


SL18 6 & 15 MV x-rays 
4-18 MeV electrons 


SL20 6 & 18 MV x-rays 
4-20 MeV electrons 


aii 


) 
MIN. 


SL15 6 & 10 MV x-rays 
4-15 MeV electrons 





* Dual x-ray energy facilities 
* X-Ray diaphragms with field offset facilities 


* Multiple electron energies for all 
treatment requirements 


* Treatment prescriptions stored on computer files 





THE MOST VERSATILE CONTROL SYSTEM 


Assisted set-up giving 
increased workload 
capacity. 


I 


Concurrent prescription 
preparation and data 
retrieval on a secondary 
terminal. 


Multi-segment treatment techniques performed 


quickly and accurately under computer control. 
Automatic data logging with telephone modem for 


direct access to Philips’ international service centres. 


Contact Philips at one of the addresses shown below 
for more information on our full range of equipment for radiation therapy 
Philips Medical Systems, Kelvin House, 63/67 Glenthorne Road, Hammersmith, London W6 OLJ. 
M.E.L. Manor Royal, Crawley, Sussex RH10 2PZ, 
Divisions of Philips Electronic & Associated Industries Ltd. 
Philips Medical Systems Inc, 710 Bridgeport Avenue, Shelton, Connecticut 06484, United States of America. 
N.V. Philips, Medical Systems Division, Eindhoven, The Netherlands. 
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BLM Girdler 
has gone into hospital 





As experts in protective lead products, we have long manufacture everything to the highest standard. 
been a prime candidate for hospital treatment, The other reason is our service to administrators and 
That's mainly because of our range across three areas specifiers, based on close co-operation and considerable 
of application. expertise. 
Storage: safes, trolleys, pots After many years in hospital we have a healthy 
Shielding: mobile and static shields, benches, screens reputation to maintain. 
Structures: bricks, cubicles, doors, panels, linings BLM Girdler, Dormay Street, Wandsworth, 
From isotope carriers and bed shields to complete London SW18 IJD. 
lead-lined rooms for X-ray protection, we design and Telephone 01-870 1461. Telex: 266382 


WHEREVER RADIATION PROTECTION IS REQUIRED 
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BLM Girdler is a division of Billiton UK Limited 


British Journal of Radiology Supplement 19 


Radiation Damage to Skin 
Fundamentals and Practical Aspects 


Proceedings of a Workshop held at Saclay, France, on October 9-11, 1985, organised by the 
Commission of the European Communities and the Commissariat à l'Energie Atomique de Protection 
et de Süreté Nucléaire, Fontenay-aux- Roses, France. 





Skin and underlying tissues are frequently critical structures in radiological protection. Over exposure 
to ionising radiation can cause serious long-term suffering and disability. 

Despite their practical importance, the dose-effect relationships, the pathophysiological 
mechanisms and the influence of the degree to which different tissues are involved are still poorly 
understood. 

This Workshop and Proceedings bring together those at the forefront of research in these areas 
from all over the world. They review the present state of knowledge and attempt to identify specific 
problem areas which may lead to recommendations for the improvement of radiological protection 
and for the better management of radiation accidents. 

Radiation Damage to Skin is, therefore, a vital reference work for everyone working in radiation 
protection and dosimetry. 





ISBN 0-905749-13-8 Price £18.00 including postage and packing 
ISSN 0007-1285 About 200 pp.; illustrated 
Available August 1986 


Orders to: The Publications Department, The British Institute of Radiology, 36 Portland 
Place, London W1N 3DG. Tel: 01-580 4085. 


xvi 





A new microprocessor controlled dosimeter with 
6 independent channels for the measurement 
of integrated patients dose 


AM6 Dosimetry 
during 
treatment 


Automatic documentation during afterloading treatment 
and whole body treatment at ©°Co installations and 


accelerators si um "pe 97 12 











interface RS 232 for n N "a Ype éj;. 
connections of compute — i 

like Epson HX 200r 4 
HP series 200 | 


“Semiconductor detectors: 


@ Single detector probe type 9111 for use 
during whole body treatment and inside 
the bladder during afterloading treatment 

@ Single detector probe type 9113 for use 
inside a catheter 

@ Five detector probe type 9112 for use 
inside the rectum during afterloading 
treatment 





More than 60 years experience in the manufacture of dosimeters. 


PTW-FREIBURG 


Loerracher Strasse 7- D-7800 Freiburg - Phone 07 61/4 2311 - Telex 7 721439 ptwfd 






Representatives: U.S.A.: Nuclear Associates U.K.: Radiatron Components Ltd. 
Division of Victoreen inc. 76 Crown Road, Twickenham, 
100 Voice Road Middlesex TW1 3ET 
Carle Place, NY 11514-1593 Phone 01-891 1221 





Phone (516) 741-6360 
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Cut patient xray doses in half. 


Erbium x-ray filters reduce patient dosage up 
to 50% without loss of radiographic quality. 


Operator doses are also significantly reduced. 
Erbium transmits only x rays that contribute to 
the radiographic image while absorbing the dose- 


producing photons at the low and high energy 
ends of the spectrum. 


Erbium filters have demonstrated significant dose 
reduction for a variety of techniques including: 


E Skull and abdominal 












examination 
BI Cerebral angiography ; - AY 
B Intravenous | ; ENERGY IN KeV 
hy X-ray Spectra for 70 kvp 





Er fitters are available to fit moet x-ray machine configurations. 
WE Pediatric fluoroscopy 


BI Ciné-radiography =a 


Our representative !n the U.K.: 2 


John Caunt Solentifio, Ltd. 
Oakfield Industrial Estate Eynsham, Oxford OX8 1JA Tel: Oxford (0885) 880479. Telex: 838852 JCS G 


REACTOR 
RJ X 963 Termunal Way, San Carlos, CA 94070-3278 
4Y5/50-33095 ° * 345508 (Reactax SCLS) 


Criteria and Methods for Quality Assurance in 
Medical X-ray Diagnosis 


Proceedings of a Scientific Seminar organised by the Commission of 
the European Communities and the Centro di Ricerca Applicata e 
Documentazione, held in Udine, Italy, 17-19 April 1984 


British Journal of Radiology Supplement 18 


The contributors to this Seminar came from 15 European countries, the USA and 
Canada. All aspects of Quality Assurance were discussed: the concepts and 
implementation of QA, the involvement of research, professionals, industry and 


governments, and the technical aspects of equipment testing, image quality, 
information content and dose- and cost-reduction. 

The proceedings give an up-to-date picture of the state of the art in QA and will be 
of interest to radiologists, radiographers, health physicists, radiation protection 
scientists, equipment manufacturers and administrators of health care programmes 
and radiation protection. 


About 200pp; illustrated Price £16.00 including postage and packing 
ISBN 0 905749 12 X 

ISSN 0007 1285 

Orders to: 


Publications Department, The British Institute of Radiology, 36 Portland 
Place, London W1N 3DG (Tel: 01-580 4085) 





Central Axis 
Depth Dose 
Data for Use 


in Radiotherapy 


British Journal of Radiology 
Supplement 17 


Intended as a standard reference work on 
the subject, this replaces BJR Supplement 
11, published in 1972, and contains typical 
values for all the types of radiation in 
common use today. Each chapter has been 
revised and updated wherever new data 
have become available: the principal 
extensions cover larger field sizes and 
longer SSDs for cobalt 60 gamma rays and 
megavoltage X rays, together with a wider 
coverage of megavoltage X rays, electrons 
and fast neutrons 

“The standard of excellence which one 
would expect from a team such as that 
which assembled Supplement 17 is clearly 
evident, and it goes without saying that this 
new Supplement will be an essential 
addition to the bookshelves of all 
radiotherapy physics departments." 

(HPA Bulletin) 


ISBN 0 905749 11 1 
ISSN 0007 1285 Price £8.00 


Order from 

Publications Department, 

The British Institute of Radiology. 
36 Portland Place, London W1N 3DG 


(tel. 01-580 4085) 


NOVEMBER 24-25 1986 


Friends of the Earth (UK) 
and 
Greenpeace (International) 
Sponsoring a two-day conference 


on the biological effects of ionising 
radiation. 
To be held at the Royal Postgraduate 


Medical School, Hammersmith 
Hospital, London. 


Chairman: Professor Sir Richard 


Southwood, Chairman of NRPB. 


There will be a wide range of inter- 
national speakers on: 


ICRP risk assessments 

NRPB models 

Occupational exposures 
Childhood cancers 
Epidemiology of leukaemia 
Biological impact of Chernobyl 


For further details, please contact Dr 
Gari Donn, 8 Buckingham Road, 
Brighton BN1 3RA. Telephone 
0273 202516. 





RADIOLOGIST 
AUSTRALIA 


A positon is available for a qualified radiologist for 
mamaediste start in a new specialist medical centre in 
Sydney, Australia The salary to stert rs AUSST00 000 par 
annum with view of partnership in the business after a 
penod of ons year. For confidentia! response, write or 
contact 

Mr Allenby George 

228 Canley Vale Road, 

Canisy Heights, NSW, 2188 

Australis 

Telephone: 02 728 8211 


British Journal of Radiology 


All enquiries for space should be addressed 
to: 


Advertisement Department 

The British Journal of Radiology 
36 Portland Place 

London WIN 3DG 

Tel. 01—631 1168 
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Ultrasound in Medicine & Biology 
publishes original articles which deal with 
the interaction of ultrasonic energy with 
living systems. A major aim of the journal is 
the promotion of new knowledge 
concerning the understanding and 
employment of this form of energy in 
medicine and biology. The majority of the 
published papers dea! with ultrasonic 
applications in clinical medicine. 
Occasionally, review articles or articles of 
historical interest are featured. There is also 
a section devoted to Letters to the Editor, 
where original observations or comments 
or criticism on the material published in the 
journal can be printed with a minimum of 
delay. Reports of scientific meetings and a 
calendar of forthcoming scientific meetings 
within the field of interest of the journal are 
also included. 


New Patents Section — The journal now 
contains abstracts and illustrations of 
recently issued United States Patents and 
published patent applications filed from 
over 30 countries under the Patent Co- 
operation Treaty. 

Software Survey Section — This new 
section reports developments in 
appropriate specialist software. 


Subscription Information 
Published monthly (Volume 12) 
Annual subscription (1986) 
Two-year rate (1986/87) 


US$225.00 
US$427.50 


FREE SAMPLE COPIES AVAILABLE ON REQUEST 
Advertising rate card available on request. Back issues and 
current subscriptions are also available in microform. 
Prices are subject to change without notice. Journal prices 
include postage and insurance. Sterling prices are available to 
UK and Eire customers on request. 





ULTRASOUND IN 
MEDICINE & 
BIOLOGY 


Official Journal of the World 
Federation for Ultrasound in 
Medicine and Biology 


Editor: D N WHITE, 230 Alwington Place, 
Kingston, Ontario K7L 4P8, Canada 


A selection of papers 


Review paper. Contrast echocardiography, 
J ROELANDT. 

Echocardiographic contrast patterns of the 
right-side of the heart: clinical significance, 
G GULLACE. 

Contrast M -mode echocardiography in 
patients with interatrial communications, 
G KRONIK. 

Videodensitometric processing of contrast 
two-dimensional echocardiographic data, 
R S MELTZER et a/. 

Comparison of methods of recording and 
analysis of Doppler blood velocity signals 
in normal subjects, S P CREEKMORE et a/. 
Method for estimating the Doppler mean 
velocity waveform, M S KASSAM et a/. 

A comparison of two calibration methods 
for ultrasonic hydrophones, 

W B GLOERSEN et a/. 

The concept of three dimensional 
resolution in echocardiographic imaging, 
L JOYNT&RL POPP. 

Ultrasonic characterization of acute renal 
failure, V N GUPTA et af. 

Measurement of soft tissue motion using 
correlation between A-scans, 

R J DICKINSON & C R HILL. 

Oil-in-gelatin dispersions for use as 
ultrasonically tissue-mimicking materials, 
EL MADSEN et af. 


Pergamon Press 


Headington Hill Hall, Oxford OX3 OBW, UK 
Fairview Park, Elmsford, New York 10523, USA 
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TARANAKI HOSPITAL BOARD, NEW ZEALAND 


RADIOLOGIST 
FULL OR PART-TIME 


Applicants are invited for the posrtion (whole or part-time) for Diagnostic Radiologist at the 
Taranaki Base Hosprtal, New Plymouth, New Zealand. 

The hoepital services a population of 110000 in the province of Taranaki. All specialities 
including radiotherapy are represented at the Base Hospital. Junior and registrar staff total 23. 
The applicant would be working with three other radiologists in a diagnostic department 
consisting of six radiographic rooms commissioned in 1972. It houses all modern equipment 
including a Kombi catheterisation table with lI. television link and a Puck film changer, a 
specialised Orbiskop screening table with 100 mm film facility and video tape, Schonander 
skull unt and a Siemens Organomatic tomographic table. Recently installed is a Diasonics 
realtime ultrasound unrt and nuclear medicine facilites include a Toshiba LFOV gamma camera. 
Plans are being made to install a GE-CT scanner. There is an opportunity of private work in an 
unopposed four-man private practice. 

Salary will be between NZ$52 000 and NZ866 000 for specialists. 

New Plymouth ıs a port city of 44 000 which with its environs and the close proximity of Mt 
Egmont (8260 feet) comprise an unique niche. The equable climate and rainfall of some 60 
inches ensure a verdant countryside year long. Both sea and trout fishing, surfing and snow 
skilng as well as tramping and climbing are all readily available. The city has excellent schools, 
numerous parks and walkways 

Conditions of appointment, application forms etc may be obtained from: The Chief Executive, 
Taranaki Hosprtal Board, Private Bag, New Plymouth, NEW ZEALAND. 


W Royal Postgraduate Medical School 


TECHNICAL BASIS 
OF NMR IMAGING 


Medical Physics Department 
Hammersmith Hospital 
20—24 OCTOBER 1986 


A one-week theoretical and practical course with 
‘hands-on’ expenence of the function of NMR 


LECTURE and 
MEETING FACILITIES 


Available for hire 
36 Portland Place, W1 


imaging equipment. Intended for Radiologists, 
Physicists, Radiographers and Technicians work- 
ing with, or expecting to work In, NMR imaging. 
The aim is the development of a sound under- 
standing of the technical basis of NMR imaging 
Course fee: 

£495 including  catenng, but not 

accommodation. 
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ABSTRACT 

The clinical application of the intravascular paramagnetic 
contrast agent gadolinium-DTPA for magnetic resonance 
imaging (MRI) imaging of tumours of the central nervous 
system (CNS) has been assessed over the past 3 years. Various 
patterns of contrast enhancement were observed, and 
situations in. MRI where the administration of contrast 
medium may be useful have been defined. These include lesions 
which are isointense with normal brain matter, the separation 
of tumour from surrounding oedema, evaluation of the degree 
of blood-brain barrier breakdown, delineation of tumours 
obscured by overlying calcification on computed tomography 
(CT) and in the investigation of lesions in anatomical areas 
where CT has known limitations (brain stem, cervical spine). 
Changes in relaxation times in normal and abnormal tissues 
following contrast medium, toxicity and dosage of gadolinium- 
DTPA, and MRI pulse sequence techniques are reviewed. 


Damadian first demonstrated that tumour proton 
relaxation times were frequently increased when 
compared with those of host tissues using magnetic 
resonance spectroscopy (Damadian, 1971; Damadian 
et al, 1973). These studies were extended by other 
groups who demonstrated that tumour proton density 
and relaxation times (7, and 7,) were both increased in 
many neoplastic tissues (Hollis et al, 1973; Hazelwood 
et al, 1974; Inch et al, 1974; Sarayan et al, 1974). These 
phenomena (particularly the increase in T, and 7,) are 
the basis for much of the soft-tissue contrast and 
sensitivity of magnetic resonance imaging (MRI) in 
tumour detection. 

However, increased relaxation times are also pro- 
duced by other pathological processes (including 
oedema), leading to difficulties in radiological inter- 
pretation. In this situation the ability to produce a 
selective alteration in relaxation time of a target tissue 
may be useful. 

Paramagnetic materials can be used to produce such 
changes in vivo (Brasch et al, 1983) and, after several 
years of animal work, one such agent, gadolinium- 
diethylene triamine penta-acetic acid (Gd-DTPA) is 
now being used in clinical practice. 

In this paper the basic principles of the action of 
paramagnetic contrast agents are reviewed. The role of 
MRI pulse sequences in demonstrating Gd-DTPA 


enhancement and indications for its clinical use in 
tumour diagnosis are discussed. 


BASIC PRINCIPLES 
General approach 

The main parameters determining soft-tissue contrast 
involved in MRI are proton density, spin-lattice 
relaxation time (7,) and spin-spin relaxation time (T,). 
These last two time constants describe the exponential 
return to equilibrium of proton magnetisation after 
excitation (Gadian, 1982; Pykett et al, 1982). 

Pulse sequences with varying dependence on 7, and 
T, are used in MRI since they selectively alter the 
contrast between soft-tissue components (Taylor & 
Bore, 1981; Pykett et al, 1982; Partain et al, 1983: 
Rosen & Brady, 1983). 

A different approach to achieving satisfactory soft- 
tissue contrast is the use of paramagnetic ions to change 
tissue T, and T,, but an important corollary to this is 
the fact that it is necessary to choose pulse sequences 
with the appropriate dependence on T, and T, to detect 
these changes. 


Paramagnetic agents 

Paramagnetic substances possess a permanent 
magnetic moment due to the presence of an unpaired 
spin (proton, neutron and electron) When such a 
substance is introduced into a biological microenviron- 
ment it acts as a relaxation centre. The local magnetic 
field produced by this substance shortens the T, and T, 
relaxation times of the surrounding hydrogen nuclei 
(Bloembergen etal, 1948; Young etal, 1981b; 
Mendonca-Dias et al, 1983; Gadian et al, 1985). 

The degree of 7, shortening depends upon several 
factors, including the effective magnetic moment of the 
ion, the concentration and average distance between the 
paramagnetic ions and the resonating nucleus 
(Bloembergen et al, 1948; Runge et al, 1983; Gadian 
et al, 1985). 

Paramagnetic ions have been used since 1946 to alter 
relaxation times of nuclei (Bloch et al, 1946). The 
paramagnetic ions include Mn?*, Cu?*, V?*, Fet, 
Gd?* and Cn?*. In addition to metal ions, other 
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paramagnetic substances such as nitroxide stable free 
radicals and molecular oxygen may be used. 
Manganese, iron and gadolinium are very effective 
agents but toxic in their free form. Experimental and 
clinical studies demonstrate that gadolinium, when 
chelated to DTPA, forms the least soluble and safest 
compound with effective paramagnetic moment studied 
so far (Pople et al, 1959; Runge et al, 1983: Brasch 
et al, 1984). 


Gadolinium- DT PA 

The gadolinium ion (Gd^^) has seven unpaired 
electrons in the 4-f electron orbitals, which provide the 
strong paramagnetic properties (Pople et al, 1959). 
Chelation with diethylene triamine penta-acetic acid 
(DTPA) reduces the proton relaxation effects as it 
occupies eight of the coordination sites, leaving only 
one or two sites open for fast-changing with water 
protons. Chelation with DTPA is necessary since Gd? * 
in its free ionic form is toxic to the liver, spleen and 
bone marrow (Weinmann et al, 1984). The chelated 
compound (Gd-DTPA) has a high molecular stability 
and an intravenous tolerance similar to that of 
diatrizoate. The neural tolerance of Gd-DTPA is 
several times better than that of  diatrizoate. 
Furthermore, Gd-DTPA is a poor activator of the 
complement system and is not expected to produce 
anaphylactoid reactions (Weinmann et al, 1984). This 
stable compound is rapidly excreted unchanged via 
glomerular filtration (85% within 3 h). The distribution 
of intravenously injected Gd-DTPA is primarily in the 
intravascular, extracellular space and it rapidly passes 
into the extravascular, interstitial space. Gd-DTPA has 
a high molecular weight (590 approx.) which is similar 
to that of diatrizoate, which probably accounts for the 
fact that it does not cross the normal blood-brain 
barrier. Animal and clinical studies have shown focal 
contrast enhancement paralleling that seen on CT, 
suggesting the passage of Gd-DTPA through the 
damaged blood-brain barrier (Brasch et al, 1984; Carr 
et al, 1984a, b; Graif et al, 1985). 


Magnetic resonance imaging considerations 

Changes in the concentration of Gd-DTPA, as well 
as selective use of different pulse sequence techniques, is 
known to determine the signal intensity on MRI in 
different types of pathology. 

Theoretical studies have demonstrated that increasing 
concentrations of Gd-DTPA produce a progressive 
shortening of 7, and 7, relaxation rates (Weinmann 
et al, 1984; Gadian et al, 1985) but not necessarily a 
linear increase in signal intensity. It was demonstrated 
in vitro and in vivo using different spin sequences that, 
for low concentrations of Gd-DTPA (below | mmol per 
kg of body weight), the shortening of 7, gives an 
increase in signal intensity which is eventually negated 
by the reduction in 7, at higher concentrations (Gadian 
et al, 1985). There is an optimum concentration beyond 
which the shortening of 7, dominates signal intensity 
and the enhancement is reduced or even reversed 
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TABLE I 
CLINICAL DIAGNOSES 





Malignant brain tumours 

Primary: low degree of malignancy 

high degree of malignancy 

Suspected primary tumours (no histology) 

Secondary 
Acoustic neuromas I 
Meningiomas 
Tumours involving spinal cord 
Total no. of patients 4 


— th QM ORO d BO mp OC 





(Taylor & Bore, 1981; Weinmann et al, 1984; Carr et al, 
1984c, Curati et al, 1986; Gadian et al, 1985). Even 
when using concentrations of Gd-DTPA of 0.1 mmol 
per kg of body weight, the selective application of 
various pulse sequences has a significant impact on the 
level of enhancement, as shown by sequence com- 
parison studies. 7, weighted sequences, such as 
inversion recovery (IR) and short TR, short TE spin- 
echo (SE) may exploit positively the decrease in T,, 
showing a major increase in signal intensity. On the 
other hand, 7, weighted sequences (e.g. longer TR, 
longer TE, SE) will reflect the negative influence of T, 
shortening, displaying a minor increase in signal 
intensity or even a negative enhancement (Schonner 
et al, 1984; Weinmann et al, 1984; Bydder et al, 1985a; 
Graif et al, 1985). 


CLINICAL STUDIES 

Forty-seven patients with tumours of the central 
nervous system (CNS) are reviewed (Table I). In 26 
there was histological confirmation of the tumour. In 
the remainder of the patients the diagnosis was made on 
clinical and radiological criteria. 

Magnetic resonance imaging was performed with a 
superconducting magnet operating at 0.15 T. The 
sequences used are listed in Table II. The contrast agent 
Gd-DTPA was injected intravenously at a dose of 
0.1 mmol/kg, after a pre-contrast baseline scan had 
been obtained. All sequences were repeated after 
injection of contrast medium. Calculated 7, and T, 
maps were obtained using the method previously 
described (Young etal, 1982) Biochemical tests, 
including levels of blood urea, creatinine, electrolytes 





TABLE H 
LIST OF PULSE SEQUENCES EMPLOYED FOR THE STUDY 
Pulse TR TI TE 
sequence (ms) (ms) (ms) 
IR 1500 500 44 
SE 544 44 
SE 1500 44 
SE 1500 80 





TR = repetition time, TI = inversion time, TE = echo time, 
IR = inversion recovery, SE = spin echo. 
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(Na*, K*, HCO, ), liver function tests, serum iron and 
& blood screen (haemoglobin, red blood cell count, 
platelets), were performed before and twice (2 h and 
24 h) after contrast medium injection in each patient. 


Normal brain 

White matter displayed a non-significant reduction in 
T, (1%) and a slight reduction in T, (10%) after 
contrast medium administration. The corresponding T, 
and 7, decreases in grey matter were 8% and 13-14%, 
respectively. These results were obtained by systematic 
pre- and  post-ontrast medium  relaxation-time 
measurements in 26 patients. Similar results were 
reported by Felix et al (1984) in a series of 34 patients. 


Oedema 

The mean T, value of oedema as measured on the 
pre-contrast medium images in 16 cases was 
760 +80 ms (Fig. 1). In only six of these cases was it 
possible to obtain a satisfactory separation of tumour 
from surrounding oedema. Relaxation times of oedema 
did not change after contrast injection (Brasch et al, 
1984; Graif et al, 1985). Exceptions were encountered in 
five cases in our experience where portions of the 
peritumoral areas considered as oedema displayed a 
clear reduction in T, E while the remaining 
portions were 


Malignant brain tumours 

Post-contrast medium increase in pixel value was 
Observed in 22 out of 24 tumours studied by MRI. The 
patterns of enhancement were diffuse, patchy, ring- 
shaped and linear. Systematic analysis of 17 cases 
revealed a mean post-contrast medium reduction of 
22% in T, and 21% in T,. Maximal enhancement was 
noted 20—40 min post-injection. This persisted up to 210 
min in one case which was followed for that length of 
time. Comparison of the degree of enhancement in 
three groups of different malignancy revealed a mean 
T, decrease of 16% in primary tumours of low grade of 
malignancy, a 29% T, decrease in primary tumours of 
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grey / white 


Fia. ] 
matter 
Distnbution of T, values 
(vertical axis) of different 
malignant and benign tumours 
(horizontal axis) in relation to 
Rd the T, range of oedema and 


normal brain matter. 


high grade of malignancy and a mean 7, decrease of 
33% in metastases (Graif et al, 1985). This reduction of 
T, was expressed as increase in signal intensity. 


Acoustic neuromas 

Marked increase in signal intensity was observed in 
all 12 tumours investigated. This was due to a mean 
reduction of 50% in 7,. This enabled the demonstra- 
tion of one very small intracanalicular tumour which 
was missed air computed tomography (CT) 
technique. It also enabled differentiation of recurrence 
of a tumour from post-operative changes (Curati et al, 
1986). 


Merungiomas 

All six meningiomas studied with Gd-DTPA dis- 
played post-contrast medium enhancement. This was 
due to a reduction in 7, of 10-41%. The most efficient 
sequence was IR as it was sensitive to both pathological 
change and contrast enhancement (Bydder et al, 1985a). 
The 7; weighted SE was sensitive to the pathology, but 
of little use in demonstrating enhancement. 


TOXICITY 
No significant changes in the biochemical or 
haematological tests were observed except for a 
transient rise in the serum iron in two patients 2 h after 
injection. The serum iron levels returned to normal in 
both patients within 24 h 


CLINICAL CONSIDERATIONS 
Analysis of contrast medium-cnhanced MRI studies 
in 47 patients has been carmed out and the clinical 
literature on MRI in CNS tumours is reviewed. Several 
radiological! situations have emerged where Gd-DTPA 
may play a particular diagnostic role. 


Isointensity of a lesion with normal brain tissue 

A survey of 279 brain tumours revealed no increase 
in T, and T; values, with respect to normal brain, in 
12% of the cases (MacKay et al, 1985). This tumour 
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FIG 


Secondary lesions of malignant melanoma in the posterior fossa: IR; s99,s99. Only one lesion ts clearly visible before contrast (A). 
[wo additional lesions become evident after contrast injection (B) 


study and those reported by other authors included 
malignant melanomas, tumours containing blood and 
fat, meningiomas, acoustic neuromas, pituitary 
adenomas and Grade I astrocytomas following radio- 
therapy (Mills et al, 1984; Zimmerman et al, 1985). In 
our series, the extra-axial tumours (four out of nine 
meningiomas and one acoustic neuroma) more fre- 


quently displayed 7, and T, values within the range of 


those of normal brain tissue, although similar values 


were observed also in two malignant brain neoplasms 
(Figs 1. 2). In two cases (metastatic melanoma and 
penetrating olfactory neuroblastoma) the lesions were 
not seen on the initial scan, but were displayed after 
contrast medium administration. Administration of Gd- 
DTPA provided a marked 7, and 7, reduction 
(10-50%) in both intra- and extra-axial lesions, 
enabling a clear demarcation from the surrounding 
tissues which did not change after contrast medium 





FIG 


Metastatic spread from breast carcinoma. No lesion is observed on the IR soo «y; 1mage (A) 


3 


After enhancement with contrast 


medium (B) several small lesions become evident (arrows). 
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administration. Rich vascularisation in the extra-axial 
tumours and blood-brain barrier breakdown in the 
intra-axial lesion probably account for the enhancement 
effects. 


Isointensity due to partial-volume averaging 

Small lesions (smaller than slice thickness and 
individual voxel) tend to be obscured and merge with the 
surrounding tissue because of partial-volume effect 
(Pullan et al, 1981; Zatz, 1981) in X-ray CT. A similar 
phenomenon occurs with MRI of small lesions with 
relaxation times similar to those of normal brain. 
Magnetic resonance imaging with Gd-DTPA enhance- 
ment reduces 7, relaxation times, allowing small lesions 
to become conspicuous by an increase in their signal 
intensity. 

In our experience this phenomenon occurred in three 
cases of small metastatic lesions from primary tumours 
in the lung, breast and ovary. All these lesions became 
apparent only after the injection of contrast agent 
(Fig. 3). 


Isointensity of tumours with surrounding oedema 

Several workers have reported diagnostic difficulties 
in separating tumour margins from oedema (Bydder 
et al, 1982; Brant-Zawadzki et al, 1984; Bydder et al, 
1984; Graif etal, 1985) using both IR and SE 
techniques. In the series studied here, both tumour and 
oedema displayed prolonged 7, and T, which 


frequently overlapped. Several acoustic neuromas were 
found to have T, and T, values in the range of oedema, 
but were rarely surrounded by it and, therefore, this did 
not present a diagnostic problem. 

A mean decrease of 21% in T, and of 26% in T, of 
tumours was observed after the injection of Gd-DTPA, 
while the peritumoral oedema remained unchanged, 
probably due to preservation of the integrity of the 
blood-brain barrier in the region of oedema (Figs 4, 5). 
These findings are very similar to those obtained in CT 
scanning. In five of our patients, areas considered as 
oedema on the pre-contrast scan displayed subsequent 
enhancement, suggesting breakdown of the blood-brain 
barrier and, hence, tumour infiltration. 


Assessment of the degree of malignancy 

It has been suggested that the degree of contrast 
enhancement with CT scanning in intra-axial tumours 
may be of clinical significance in the grading of tumour 
malignancy by reflecting the degree of blood-brain 
barrier breakdown. In low-grade gliomas, for example, 
the newly formed capillaries resemble normal cerebral 
capillaries. On the other hand, in more malignant 
tumours, the new capillaries are fenestrated with 
vesicule formation; the blood-brain barrier is there- 
fore incomplete and allows more enhancement (Caille 
etal, 1980; Sage, 1982). Analysing 17 malignant 
tumours, the degree of enhancement in MRI was found 
to correlate with the grade of malignancy by displaying 





Fic. 4. 


Metastates from carcinoma of the ovary. The pre-contrast medium IR) so0:soo scan (A) shows a region of oedema on the left. After 
contrast medium enhancement (B) two lesions are depicted (arrows), one of which was isointense with oedema and the other with 
normal white matter. 
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FiG. S. 


Astrocytoma Grade IV on pre-contrast medium IR) soosoo is displayed as an area of oedema in the left frontal region (A). A 
repeat scan 10 min after contrast medium injection shows ring enhancement of the lesion (B) 





FIG 6 


Meningioma at the level of the foramen magnum. SEs44:44 images before (a) and after (B) enhancement with contrast medium. 
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FIG 


A primitive neuroectodermal tumour adjacent to the fourth ventricle: CT scans before (A) and after (B) contrast enhancement. A 
calcified ring obscures the assessment of contrast medium enhancement. Inversion recovery MR images in the sagittal plane 
before (C) and after (D) contrast enhancement show the full extent of the lesion 


a T, decrease of 16%, 25% and 33% in low-grade, 
high-grade and metastatic malignancies, respectively 
(Graif et al, 1985). 


Other indications 

In three areas, brain stem, cervical spine and, to some 
extent, posterior fossa, MRI is known to have a 
considerable advantage over other imaging modalities. 
This is mainly due to the absence of bone artefacts 
common on CT and the ability to image in the sagittal 
and coronal planes without recourse to image recon- 
struction (Young et al, 1981a; Randell et al, 1983; 
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Modic et al, 1984; Norman et al, 1984; Lee et al, 1985). 
Often, MRI is the only method capable of demonstrat- 
ing the pathological process (Fig. 6). To obtain 
maximum information the use of paramagnetic intra- 
venous contrast medium should be considered. 

Lesions may be obscured by hyperdensities on CT: 
extensive calcification may obscure enhancement on 
CT. Calcification gives a low MRI signal due to à 
reduced mobile proton content. The effect of contrast 
enhancement on MRI of a heavily calcified lesion can 
be evaluated without difficulty (Fig. 7). 

In this subgroup of patients the indications for 
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contrast medium enhancement are the same as those 
discussed for patients with brain tumours. These 
include visualisation of isointense tumours, differentia- 
tion of tumour from oedema and assessment of 
vascularity and blood-brain barrier integrity. 

In a recent publication Bydder et al (1985b) discuss 
the results of contrast medium enhancement with Gd- 
DTPA in 10 patients with cervical intraspinal tumours. 
All tumours enhanced with contrast medium and there 
was 8 clear separation of extra- from intramedullary 
lesions. It appears from this study that the use of 
contrast agents in spinal cord tumours parallels its use 
in the brain. 


CONCLUSION 

Gd-DTPA has been demonstrated to be the most 
effective enhancing MRI agent available at present. It is 
well tolerated and rapidly excreted. Using low con- 
centrations and T, weighted IR and short TR, short 
TE spin echo pulse sequences, effective contrast 
enhancement can be achieved. Gd-DTPA enhancement 
was useful in identifying small tumours in the CNS 
which, because of similar relaxation times to those of 
normal brain, were not demonstrated on unenhanced 
MRI. It also provided information about the integrity 
of blood-brain barrier and in separating tumour from 
surrounding oedema. Complete assessment of lesions 
not accessible to direct CT imaging, such as spinal cord 
tumours and lesions obscured by calcifications, could 
benefit from the use of MRI with Gd-DTPA 
enhancement. 

Most of the indications for contrast medium- 
enhanced MRI of CNS tumours are similar to those 
described for CT. However, the high soft-tissue contrast 
available with MRI enables some lesions not seen on 
CT to be identifed. Contrast medium studies should be 
restricted to situations where non-enhanced MRI scans 
are negative but the clinical evidence of a tumour is 
strong, or in cases where additional information is 
needed for further management. 
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Atlas of Positron Emission Tomography of the Bram By W-D. 
Heiss, C. Beil, K. Herholz, G Pawik, R. Wagner and K. 
Weinhard, pp. ix+116+mdex, 1985 (Springer-Verlag, Berlin, 
Heidelberg), DM 148. 

ISBN 3—540—-15636—4 

This atlas provides a brief account of the use of positron 
emission tomography in the study of cerebral function. The 
text, wntten in both German and English, covers the more 
important features of the technique. The first three chapters 
deal with the historical aspects, phymcs and radiochemistry of 
PET. Chapter 4 deals with the use of rubidium-82 and gallium- 
68 EDTA 1n assessing blood—brain barner (BBB) integrity but 
contains nothing about other useful tracers that may be used 
to assess BBB function. The next three chapters deal with 
cerebral blood flow and the metabolism of oxygen and glucose. 
Tracer production, kinetic modelling and clinical uses are dealt 
with succinctly. Both normal and pathological brain are well 
documented The account of the latter includes cerebro- 
vascular disease, epilepsy, dementia, movement disorders, 
psychiatric conditions and tumours Chapter 8 covers the 
concept of labelling amino-acids and the quantification of thear 
uptake and incorporation into protein. The remaining chapters 
deal with the determination of cerebral pH, maging receptor 
density and the selective visualisation of tumours. 

The main criticism (which is difficult to direct at an atlas) is 
that with so many colourful illustrations, most of which are 
appropriately scaled, the reader may forget that the mngle 
most important aspect of PET is its abshty to quantify 
biological processes ın absolute units. PET complements rather 
than competes with CT scannmg by providing useful 
information on cerebral function, 

This book succeeds in filhng a gap between the rather 
diverse journal articies and specialised textbooks on the 
subject. It should be of interest to clinicians and scientists not 
ee 
readable pictorial review of the technique and chnical 
applications. It will be a useful addition to any postgraduate 
library. 

R. P. BEANEY 


Exercises in Radiological Diagnosis. of the 
Skull. By Jean-Louis Dietemann, pp. vu + 168, 1985 (Springer 
Verlag, Berlin, Heidelberg, New York, Tokyo), DM.35. 
ISBN 3—-540—-13266—X 

0-387-13266—X 
Radtodlagnons of the Skull is a small volume which will 
enhance the series “Exercises in Radiological Diagnosis” from 
Professor Wackenheum's School of Radiology in Strasbourg. 

The author, Jean-Louis Dietemann, is an experienced 
teacher and the book 1s well produced m a soft cover. Half is 
devoted to numbered radiographs, many of which are scaled to 
fill half a page. Almost all are sufficently well produced to 
show detail and all demonstrate a well chosen principle. The 
other half contams correspondingly numbered, clear, hne 
diagrams. Each is accompanied by a suitable, but limited, 
clinico-pathological commentary which, almost without 
exception or printing error, is partcularly well translated by 
Marxe-Therese Wackenheam References are limited but it is 
obvious that the author has both interest and experience with 
lesions which deform the image of the sella tursica 

Now that CT is so well established, ıt is important to 
understand the contribution of conventional skull radio- 
graphy. This book will be of personal value to all needing 
instruction to interpret skull radiographs. It will certainly 
educate towards correct diagnoms and, therefore, seif 
confidence. It can be carried camly m the pocket and used 
unobtrusively in front of viewing screens. The axiom, 
“Radiological changes should always be interpreted in the light 
of clinical data” eventually appears on page 131, Case 60. 

If his book encourages the trainee to collect a senes of 
similar radiographs and to elaborate briefly the commentary 
with words chosen personally from additional sources, then 
Jean-Louis Dictemann will have certainly achieved his 
ambition. This commendable little learning aid takes its place 
alongside a comparable publication on the vertebrac. 

G. HART 
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ABSTRACT 

The motor function of the pharyngo-oesophageal (PO) 
segment during swallowing m terms of tonictty, relaxation and 
perutalzs was evaluated in 25 patents with a posterior 
cncopbaryngeus impression. Functional abnormahties were 
common. Defective tonxuty was present in 11 patients 
Relaxation was normal in all patients except at the level of the 
cncopharyngeal muscle Abnormal peristalsis was present in 19 
patients as weakness, paresis or abnormal timing The 
impression of the cncopharyngeus was effaced during the late 
stage of swallowing due to collapse proximal and distal to the 
cricopharyngeus. It was not due to successive distension at the 
level of the cricopharyngeus. In 11 patients there was some 
retention of barium proximal to the cricopharyngeus after the 
pessage of the barium bolus. This was due to weakness in tbe 
inferior pharyngeal constrictor and/or an abnormal timing of 
the penstalsis whereby contraction of the cricopharyngeus 
occurred before peristalss in the infenor pharyngeal con- 
strictor had cleared the pharynx of barum. The observations 
indicate that bulging of the cricopharyngeal muscle is only one 
aspect of & profoundly altered motor function of the PO 
segment. 


In patients with swallowing complaints cineradiography 
has revealed abnormal function in the majority of 
patients (Ekberg & Nylander, 1982a). In 25% of 
patients with dysphagia there is abnormal relaxation of 
the cricopharyngeal muscle seen as a posterior 
impression in the pharyngo-oesophageal (PO) segment 
(Ekberg & Nylander, 1982b). The motor function of 
the PO segment can be divided into three distinct 
functions, namely tonicity between swallowing, relaxa- 
tion at the initiation of swallowing and peristalsis for 
conveying the bolus material into the oesophagus. 

The aim of the present investigation was to analyse 
the motor function of the PO segment in terms of 
tonicity, relaxation and peristalsis in patients with 
bulging of the crnrcopharyngeal muscle, using a 
aneradiographic technique. 


PATIENTS AND METHODS 

Twenty-five patients with dysphagia who had a 
posterior impression due to the cricopharyngeal muscle 
during swallowing were selected at random. They were 
examined using a 35 mm cineradiographic technique. 
The patients were examined in the erect position with at 
least two antero-posterior and two lateral series (Figs 
1-3) while swallowing a mouthful of barium contrast 
medium. Radiographs were obtained at a speed of 50 
frames/s. 


Tonicity within the PO segment was graded as 
normal, weak or defective. Relaxation in the PO 
segment was graded as normal or defective. The 
abnormal relaxation of the cricopharyngeal muscle was 
categorised as either delayed or defective Peristalsis 
was registered at three levels, namely inferior 
pharyngeal constrictor, cricopharyngeal muscle and 
cervical oesophagus, respectively, and was graded as 
normal, weak or paretic. Abnormal timing was also 
noted. The presence or absence of barium retention 
above the cricopharyngeal muscle was also noted. For 
statistical analysis, Student's t-test was used. 


RESULTS 

Tonicity in the inferior pharyngeal muscle was 
normal in 21 patients, weak in two and absent in 
another two patients. The tonicity was normal in all 
patients at the level of cricopharyngeal muscle. Tonicity 
in the cervical oesophagus was normal in 14, weak in 
six and absent in five patients. 

The relaxation of the PO segment was normal except 
for the level of the cricopharyngeal muscle. At this level 
the gullet rapidly attained almost its maximum width 
concurrently with the segments above and below. 
However, during the late stage of bolus passage there 
was an additional distension of the cricopharyngeal 
level. This increase in width varied between 0 and 7 mm 
(mean 2 mm). Such an increase in width was registered 
in 17 patients while the width was unaltered in seven 
and decreased in one patient. 

Peristalsis in the inferior pharyngeal constrictor was 
normal in 12, weak in nine and absent in three patients. 
There was defective timing in 13 patients. Peristalsis 
was normal in 23 patients at the level of the 
cricopharyngeal muscle, weak in one and absent in one 
patient. Penstalsis was normal in the cervical 
oesophagus in 16 patients, weak in seven and absent in 
two. In four patients there was abnormal timing of 
peristalsis in the cervical oesophagus. 

There was retention of barium at the level of the 
inferior pharyngeal contrictor immediately cranial to 
the cricopharyngeal muscle in 11 patients. This 
retention was due to weak or paretic peristalsis within 
the inferior pharyngeal constrictor and defective timing, 
that is, contraction of the cricopharyngeal muscle prior 
to peristalsis in the caudal part of the inferior 
pharyngeal constrictor in eight of the patients, while in 
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three there was only weak peristalsis in the inferior 
pharyngeal constrictor. 


DISCUSSION 

The PO segment is located between the pharynx 
cranially and the cervical oesophagus caudally. 
Morphological abnormalities within the PO segment, 
such as diverticula of Zenker’s and Kilian-Jamieson's 
types, are of great clinical importance (Seaman, 1969; 
Ekberg & Nylander, 1982a, 1983; Goyal, 1984). 
Dysfunction in this area is commonly described as 
spasm of the cricopharyngeal muscle (Ellis, 1971: 
Ekberg & Nylander, 1982b; Curtis et al, 1984; Goyal, 
1984; Torres et al, 1984). By detailed cineradiographic 
analysis of the motor function of the PO segment it is 
possible to obtain a better understanding of the 
pathophysiology of abnormalities in this region. 

The relaxation of the cricopharyngeal muscle has 
been described as either delayed or defective in patients 
with a posterior impression (Ekberg & Nylander, 
1982b). Delayed relaxation was present when the 
impression disappeared during the late stages of barium 
passage while defective relaxation was present when an 
impression was seen throughout the passage of the 
barium bolus. This study indicates that when the 
posterior impression due to the cricopharyngeus was 
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FIG. | 
(A-F) A 68-year-old male with dysphagia. Sequence from 
cineradiography in the lateral projection during barium 
swallow. There is defective tonicity in the inferior pharyngeal 
constrictor (small white arrows). The relaxation of the 
cricopharyngeal muscle is defective (black arrow). There is also 
defective tonicity in the cervical oesophagus (small black 

arrows) 


effaced during the late phase of pharyngeal swallowing 
(delayed relaxation), this was not due to a widening of 
the lumen at the level of cricopharyngeus, but rather 
was due to collapse of adjacent pharynx and 
oesophagus. This implies that, in patients with a 
persistent bulging of the cricopharyngeus throughout 
the act of swallowing, this merely reflects lack of 
contractility in the proximal and distal segments. This 
might be due to muscular weakness or. when 
pronounced, to paresis, 

The peristaltic wave at the level of the inferior 
pharyngeal constrictor (thyropharyngeal muscle) was 
frequently abnormal. This was partly registered as a 
premature contraction in the cricopharyngeus. The 
latter muscle, however, contracted at the correct 
moment, that is, as if peristalsis had passed uninter- 
rupted through the inferior pharyngeal constrictor. This 
relatively premature closure of the cricopharyngeus 
gave a varying degree of proximal bolus retention in the 
pharynx corresponding to a  pseudodiverticulum 
(Ekberg & Nylander, 1982b). However, in some 
patients there was also a delay in the peristaltic 
contraction within the cervical oesophagus caudal to 
the cricopharyngeus 

The observations indicate that in patients with an 
impression due to the cricopharyngeal muscle there is a 
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more widespread and pronounced dysfunction in the 
PO segment. This is frequently seen as defective 
peristalsis or tonicity in the inferior pharyngeal 
constrictor and/or in the cervical oesophagus. The 
nature of such a dysfunction in the PO segment could 
not be further evaluated from this study. Efferent motor 
control of the PO segment, and especially of the 
cricopharyngeus, is controversial (Kirschner, 1958; 
Lund & Ardran, 1964; Lund, 1965; Doty, 1968; 
Murakami et al, 1972; Helemans & Vantrappen, 1974; 
Miller, 1982; Goyal, 1984). The somatic efferent motor 
control from the nucleus ambiguus via the tenth and 
eleventh cranial nerves is agreed, whereas consensus is 
lacking about the contribution of sympathetic and 
parasympathetic innervation. Other aspects of innerva- 
tion of the PO segment are poorly understood. 
Abnormalities within the medulla oblongata or efferent 
nerves or in the pharyngeal plexus covering the 
constrictor muscles of the pharynx may be responsible 
for abnormal motor function. However, lesions in the 


precentral gyrus, which is the cortical representation of 


swallowing, or in the pathway between the cortex and 
the medulla (the first motor neuron) have to be 
considered (Doty, 1968; Ellis, 1971; Miller, 1982; 
Goyal, 1984). 

Tonicity of the PO segment is important for sealing 
off the oesophagus from the pharynx and thereby 
hindering regurgitation. All patients had normal 
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Fic. 2. 
(A-F) A 62-year-old male with dysphagia. Sequence from 
cineradiography in the lateral projection during barium 
swallow. There is normal tonicity in the pharynx and cervical 
oesophagus. Relaxation of the cricopharyngeal muscle is 
defective (arrow). There is peristalsis in the inferior pharyngeal 
constrictor (small arrows) but the peristalsis is present with 
inappropriate timing, ie. there is preceding peristalsis within 
the cricopharyngeus and cervical oesophagus. Consequently, 
barium is retained above the cricopharyngeal muscle in a 
pseudodiverticulum (bent arrow). 


tonicity in. the cricopharyngeal muscle. Four patients 
with defective tonicity in the cricopharyngeal muscle 
have been reported earlier (Ekberg et al, 1985). Such a 
defective tonicity, per se, probably does not cause 


symptoms. 
Retention of barium at the level of the inferior 
pharyngeal constrictor above the cricopharyngeal 


muscle was common and was due to a combination of 
weak peristalsis in the inferior constrictor and abnormal 
timing evident as a low speed of peristalsis through the 
inferior pharyngeal constrictor. Such retention has been 
observed in these patients and referred to as 
pseudodiverticulum (Ekberg & Nylander, 1982b). It 
might be presumed that such a pseudodiverticulum 
should have pathological importance in the develop- 
ment of a Zenker's diverticulum. However, such a 
transition has never been observed. It is probable that a 
Zenker's diverticulum requires additional anatomical 
prerequisites to develop. The relation between age and 
different pharyngo-oesophageal abnormalities have 
been reported (Ekberg & Wahlgren, 1985) and showed 
clearly the different correlation with age between a 
defective relaxation of the cricopharyngeal muscle and 
Zenker’s diverticulum. There is, therefore, no simple 
correlation between defective relaxation of the 
cricopharyngeal muscle and the development of a 
Zenker's diverticulum. 

From the results of this study, the earlier description 
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of cricopharyngeus dysfunction in terms of delayed and 
defective relaxation ought to be omitted. The abnormal 
relaxation of the cricopharyngeal muscle is only one 


aspect of incoordinated motor function in the PO 
segment, but cricopharyngeal impression is probably 
the most important sign of this dysfunction. Moreover, 
cricopharyngeus impression and pseudodiverticulum 
are conspicuous and easy to recognise. 
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Manwal of Clinical Magnetic Resonance Imaging Ed. by J. P. 
Haken, H. S. Glazer, J. K. T. Lee, W. A. Murphy and M. 
Gado, pp. 110, 1986 (Raven Press, New York), $21.00. 


ISBN 0-88167—167-3 


Intended for both radiographers and radiologists as a practical 
guxie to performing magnetic resonance imaging (MRI) in the 
head and body, this manual has been written by radiologists 
from the USA with a number of years’ experience in MRI It us 
drvided into two main sections, with an introduction to the 
technical aspects including a clear and concise account of the 


physical principles, imaging 


and some of the 


techniques 
common artefacts encountered This is followed by guidelines 
for conducting an MR examination in the form of protocol 
tables. These tables list separate maging sequences covering 
different anatomical sites within various regions of the body 
and, also, in some instances, different pathologies. The pulse 
sequences chosen are all varieties of spin-echo There is a 
useful comments section to cach table explaining the rationale 
for selection of the maging parameters and for altermg the 
examination, depending on the circumstances. An explanation 
is given of the operator-contro] (machine) parameters used in 


the protocol tables together with & summary of safety aspects 
and paticnt preparation. Selected references (up to 1985) and 


&n index are included 


This : a readable, besc introduction into the technical 
aspects of MRI. The protocol tables are not meant to be 
followed ngidly but are intended as a guide, as machine 
parameters will vary with different MRI systems. Despite the 
fact that the strategies are intended for MRI systems using 
field strength magnets of 0.3 T or more, they are applicable 
even for lower fleld systems. Overall the tables indicate a good 
approach but there is no mention of the inversion-recovery 
sequence, which can be useful in certam instances A short 
account of the different operator handling requirements and 
types of magnet systems in use would have been informative 


The manual, being pocket szed with a metal spiral binding, 
is good value. It can be recommended to radiographers and 


radiologists and would be especially useful for those starting 


out m MRI. 


J.P. R JENKINS 
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Endourology. Ed. by Culley C. Carson and N. Reed Dunnick, 


pp xi--315-rindex, 1985 (Churchill Livingstone, Edinburgh), - 


£55 00. 
ISBN 0-443-08367—3 
The transformation that has taken place over tbe last 5 years 
for the treatment of calculous disease in the urinary tract seems 
to have popularised a new term, “endourology”. The editors 
define endourology as a subepeciality embracing aspects of 
general urology, urological surgery, urological radiology and 
interventional radiology, terms perhaps more familiar and 
understandable The fact that the contributors to the book are 
eeu radiologists and urologists bears testament to 
close co-operation needed to practise endourology with 
Se ae aa Ea 
required before urologists can use endoscopy in the renal tract 
and manipulate within :t. Indeed, it is the endoscopic removal 
of renal and ureteric calculi that forms the basis of this book. 

To gain access to the kidney’s collecting system requires a 
precise knowledge of renal anatomy, specifically its vascular 
component. The first chapter deals admirably with this 
Subsequent chapters detail the methods available for the 
removal of both renal and ureteric stones and describe the 
various methods of disintegration of stones that cannot be 
removed in one pece Ultrasound lithotripsy and electro- 
hydraube hthotripsy are well covered From the contributors 
vast experience in this field come manoeuvres for getting at 
and removing those stones in seemingly impossible situations, 
which those just setting up a service or those with only 
moderate expenence will find of value. The role of chemolysis 
and of extracorporeal shock-wave lithotripsy in stone disease is 
covered In the middle of the book comes a chapter on 
percutaneous nephrostomy and renal drainage techniques. 
Important though these techniques are, it seems a little out of 
place and it 1s teresting that its author describes endourology 
as interventional radiology. 

The development of lasers for use m the urinary tract for 
both the treatment of calculous disease and tumour is covered 
Potential compheations of endourology and their treatment 
are discussed. Importantly, there is a chapter devoted to the 
pacdiatnc patent but no mention of end diagnostic 
ultrasound is made, a modality which should fall within the 
scope of this book. 


For those embarking on percutaneous renal surgery and the 
treatment of calculous disease m the urinary tract, this book 
provides a wealth of experience to draw upon. It is well 
written, well illustrated and reasonably priced. It should be on 
the shelves of both radiology and urology departments where 
renal calculous disease is not treated with a 12-inch incision. 

DAVID RICKARDS 


Ovartan Cancer. Ed. by N. M. Bleehen, pp. x+ 140+ index, 
1985 (Springer-Verlag, Berlin, Heidelberg, New York, Tokyo), 
DM. 148. 

ISBN 0-540-13326-7 

This small, well produced book contains summaries of the 
principal papers presented at the 6th Royal College of 
Radiologists’ Symposium (1984) on this difficult subject. 
Potential readers should not be deterred by the 2-year gap 
between the mecting and the availability of the book. A 
number of the papers are well worth reading for ther clear 
accounts of different facets of the subject. The difficult subject 
of the pathology is refreshingly clearly discussed by Anderson, 
while the surgery (Scott) and the use of radiological techniques 
(Johnson) for diagnosis and staging are presented in balanced 
review. The enormous experience of the Charing Cross group 
ig well represented by Bagshawe's extensive summary of 
tumour markers and the group’s expenence on the chemo- 
therapy of the rare malignant germ cell tumours. 

Two rather long chapters address the problems of the place 
of radiotherapy (Bush) and chemotherapy in multcentre 
studies (Guthrie). Bush himself wonders during this representa- 
tion of the Princess Margaret Hospital (PMH) data why the 
concduson of the original PMH study on post-operative 
radiotherapy m high-risk patients has been slow to gain 
acceptance. Perhaps that :s the question he should have 
addressed himself to in this review. The potentially bewildering 
rok of chemotherapy discussed by Guthrie presents a 
historical review whose relevance has been overtaken by time 
and new agents. There are a number of chapters in this book 
that justify its place in an oncology library 


R HUNTER 
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Computed tomography of abdominal carcinoid tumour 


By 'M. Gould, F.R.C.R. and R. J. Johnson, B.Sc., M.B.B.S., M.R.C.P., F.R.C.R. 
Christie Hospital & Holt Radium Institute, Wilmslow Road, Withington, Manchester M20 9BX 


(Recerved December 1985) 


ABSTRACT 
Ten patients with pathologically proven abdominal carcinoid 
tumour were assessed by computed tomography (CT). Post- 
mortem examination correlation was obtained in two cases. 
Computed tomography demonstrated the extent of mtra- 
abdominal tumour well and ts, therefore; a useful staging 


SPEA for patents being treated with adjuvant therapy. 

The appearances of metastatic carcinoid within the mesentery 
on CT are characteristic and can enable a pre-operative 
diagnosis to be made. 


Several isolated reports of the appearance on computed 
tomography (CT) of metastatic carcinoid tumour to the 
small bowel mesentery have been described (Bernardino 
et al, 1979; Segel et al, 1980; Whitley et al, 1982). More 
recently, the spectrum of intra-abdominal disease has 
been documented (McCarthy et al, 1984; Picus et al, 
1984, Cockey etal, 1985). We report here the 
appearances on abdominal CT in 10 patients, with post- 
mortem correlation in two of these. 


PATIENTS AND METHODS 

Ten patients, with ages ranging from 37 years to 79 
years were referred to a regional oncology centre with 
metastatic abdominal carcinoid tumour. Pathological 
confirmation had been obtained in nine cases at 
laparotomy and in one by lymph-node biopsy. The 
primary tumour had been resected at surgery in five 
patients. Presenting symptoms had been abdominal 
pain in six patients, an abdominal mass in three and 
supraclavicular lymphadenopathy in one. 

Abdominal CT scans were performed at the time of 
referral on an EMI 7070 scanner using a 3 s scan time. 
One centimetre-thick contiguous sections were obtained 
through the liver with alternate 1 cm-thick sections 
from below this level to the anterior superior iliac 
spines. All patients had been given 250 ml of 5% 
sodium  diatrizoate/meglumine diatrizoate (Gastro- 
grafin, Schering AG) 12h, 3h and 15 min before 
scanning. Immediately prior to scanning patients were 
given 0.5 mg hyoscine butylbromide (Buscopan, 
Boehringer Ing.) intramuscularly as a smooth-muscle 
relaxant. No intravenous contrast enhancement was 
used. Follow-up scans were obtained during treatment. 
There were a total of 33 scans on these 10 patients and 
all were reviewed and assessed for extent of intra- 
abdominal disease with particular reference to involve- 
ment of the liver, mesentery, lymph nodes and bowel. 


*Present address: Colchester General Hospital, Turner Road, 
Colchester CO4 SJL. 
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In two patients information from a post-mortem study 
could be correlated with a recent CT scan. 


RESULTS 
The varous sites of involvement for individual 
patients are detailed in Table I. The appearances on CT 
at the site of involvement are detailed below. The 
appearances described are those seen on the first CT 
scan. 


Primary site 

The primary tumour had been resected in six patients 
before referral. Computed tomography failed to detect 
it in the remaining four. In one of these an ileo-caecal 
tumour was found at the post-mortem examination. 


Mesentery 

The commonest appearance within the mesentery, 
occurring in eight patients (80%), was of a soft-tissue- 
density mass measuring between 0.5 cm and 5 cm in 
diameter. There were linear soft-tissue densities radia- 
ting from the mass in all cases. Calcification was seen 
within the mass in two patients (Figs 1, 2). 

Other rounded soft-tissue densities, thought to 
represent discrete nodes, were seen in six patients 
(60%). These varied in size from 0.25 cm to 1cm 
(Fig. 2). 


Lymph nodes 

Nodes greater than 1.5cm in diameter in the 
retroperitoneum and 0.6cm in diameter in the 
retrocrural space were considered abnormal. Using 
these criteria. retroperitoneal lymphadenopathy was 
seen in six patients (60%) and retrocrural lymphadeno- 
pathy in one. 


Liver metastases 

Focal hypodense lesions were seen in six patients 
(6094). Two of these patients had clinical and 
biochemical evidence of the carcinoid syndrome. 


Bowel involvement 

In six patients (60%) diffuse small-bowel wall 
thickening (greater than 0.3 cm) was noted. These 
thickened loops were seen always in association with a 
mesenteric mass (Fig. 3). 


Other sites 
Án ovarian mass was seen in one patient and an 
omental mass in another. These were biopsy-proven 
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carcinoid metastases. Ascites was seen in five patients 
(50%). 


Follow-up abdominal CT examination 

In all patients there was evidence of progression of 
disease with increase in size of the mesenteric mass (Figs 
1, 2), development of ascites or increase in the size and 
number of liver metastases. Three patients died during 
the course of follow-up and a post-mortem examination 
was performed in two of these (Cases 2 and 8). 

At post-mortem examination, tumour was found at 
all abnormal sites on CT. Computed tomography 
delineated the extent of mesenteric and retroperitoneal 
disease particularly well. In Case 2, CT failed to 
demonstrate several small hepatic serosal metastases 
and in Case 8 a small primary tumour in the ileo-caecal 
angle was not seen. Some of the findings related to Case 
2 are illustrated in Figs 4-7. 


DISCUSSION à 
Carcinoid tumour is the commonest small-bowel 
tumour, 90% originating in the terminal ileum. Most 
primary lesions are discovered incidentally at surgery or 
autopsy and measure less than 1.5 cm in diameter. 
Invasion and spread of tumour from the primary site 


Case/ Sugna/ Carcinosd Primary ate 
age symptoms syndrome sto 
(years)/ known unknown 
pax 
1/37/M Abdominal + + 
pam, — 
anaemia 
2/54/M Di — Terminal 
weight loss ieum 
3/61/M RIF mass — Caecum 
4/T9]/F Abdominal + Tmall 
pain bowel 
x TOvary 
5/47/F Pelvic mass, — Terminal 
sinall-bowel ileum 
obstruction 
6/62/M Abdominal -— Terminal 
pein ileum 
7/S1/F Abdommal — + Omentum 
pun 
8/49/F R supra- — Terminal Ovary 
ciavicular ieum 
lymph node 
9/52/M RIF mass, + Caccum 
diarrhoea, 
abdominal 
pain 
10/63/M Abdominal — + 
parn, 
diarrhoea, 
nausea 
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are accepted indicators of malignancy rather than more 
usual histological criteria such as anaplasia and mitotic 
frequency (Godwin, 1975). The patients presenting with 
symptoms related to the tumour usually have advanced 
disease. The primary tumour is slow growing, rarely 
causing symptoms until it has spread through the bowel 
wall, peritoneum and into the mesentery. Tumour 
spread is related to the size of the primary lesion 
occurring in 80% of patients with lesions greater than 
2 cm in diameter but in only 2% of patients with lesions 
less than lcm in diameter. Mesenteric infiltration 
evokes a fibroblastic reaction in the mesentery and 
surrounding small bowel. This results in loops of bowel 
becoming matted together, kinking and buckling on 
their mesenteric border. This is thought to produce the ' 
commonest symptom, pain, due to intermittent intes- 
tinal obstruction. As the malignant process spreads the 
mesenteric lymph nodes become involved, often 
producing a palpable mass. Further tumour spread to 
the root of the mesentery may encase the vessels and 
produce mesenteric infarction (Case 4 in this series) 
(Moertel et al, 1961). 

The primary tumour is rarely demonstrated radio- 
logically (Moertel et al, 1961; Jeffree et al, 1984, Picus 
et al, 1984) and this was our experience in those 


Liver Mosentery Ascites Bowel-wall  Retroperitoneal 
metastasos thickening ltymphadeno- 
Tal nodes pathy 
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Fic. I. 
Computed tomography scan demonstrating an irregular 
mesenteric mass (large arrow) with radiating linear densities. 
Smaller rounded masses (small arrow), representing discrete 
enlarged lymph nodes, can also be seen. 


patients with a primary lesion in situ. 

Mesenteric involvement can be demonstrated on 
barium studies with fixation and separation of bowel 
loops (Balthazar, 1978; Jeffree et al, 1984). Angio- 
graphy may demonstrate mesenteric vessel involvement. 
Computed tomography is a useful non-invasive tech- 
nique for assessing the extent of mesenteric involvement 
(McCarthy et al, 1984; Picus et al, 1984; Cockey et al, 
1985). The typical appearances have been demonstrated 
in this series. The commonest finding, occurring in 80% 
of patients, is of a soft-tissue-density mass associated 
with linear soft-tissue densities radiating from it. This 





Fic. 2. 


A later CT scan in the same patient as Figure | demonstrating 

an increase in size of the mesenteric mass, now containing 

calcification. The associated linear densities (arrows) are well 

seen and represent neurovascular bundles thickened by tumour 
and fibrosis. 
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FIG. 3 
Computed tomogram demonstrating small-bowel loops with 


thickened walls and consequent attenuation of the contrast 
column 


mass may be associated with thickened bowel loops, 
apparently adherent to the mass, and also extend to the 
root of the mesentery encasing the proximal mesenteric 
vessels (Figs 1-3). Post-mortem examination in two 
patients demonstrated a firm mass in the mesentery 
with tangled loops of small bowel adherent to it. The 
mass extended superiorly around the mesenteric vessels. 
Histology revealed the mass to be a combination of 
fibrosis and tumour. The radiating soft-tissue densities 
shown on CT were due to tumour infiltration and 
fibrosis of the neurovascular bundles (Figs 4-7). 

The appearances on CT of mesenteric involvement by 
carcinoid tumour are characteristic and unlikely to be 
confused with other disease processes. Well defined, 
rounded,  soft-tissue-density masses within the 





FiG. 4. Case 2. 


Post-mortem photograph demonstrating a mesenteric mass of 

tumour and fibrosis (long arrow) with radiating bands of 

thickened neurovascular bundles. Serosal metastases on the left 
lobe of the liver are also seen (short arrow). 
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Fic. $. Case 2 
Post-mortem photograph of the detached mesentery and small 
bowel demonstrating the mesenteric mass (large arrow) and 
neurovascular bundles (small arrow) thickened by tumour and 
fibrosis. 


mesentery can be seen in lymphoma, leukaemia and 
metastatic carcinoma, often from the ovary, and 
sarcoma, frequently leiomyosarcoma. Diffuse, ill- 
defined masses can also be seen in these conditions and 
in carcinoma of the colon, stomach and pancreas when 
they may represent contiguous tumour spread. 
Mesenteric lymphadenopathy has recently been 
reported in Kaposi's sarcoma (Moon et al, 1984). A 
"stellate" appearance of the mesentery may be seen in 
peritoneal mesothelioma and metastatic carcinoma 
from many primary sites. 

However, in contradistinction to carcinoid, in all 
these conditions it is unusual to see a combination of all 
three appearances. Also there may be clinical evidence 
of the primary tumour and other features on the CT 





Fic. 6. Case 2. 


Post-mortem photograph demonstrating extension of tumour 
to the root of the mesentery (arrow), 





Fic. 7. Case 2. 


Computed tomogram demonstrating the mesenteric mass 
within the root of the mesentery (arrow) and the thickened 
neurovascular bundles. 


scan, not seen in carcinoid, to indicate the diagnosis. 

Mesenteric abnormalities can be seen in benign 
disease. Bowel-wall thickening associated with 
mesenteric changes has been reported in Crohn's 
disease. However, rounded masses are unusual (Cockey 
et al, 1985). The condition which may cause most 
confusion with carcinoid is the very rare entity of 
retractile mesenteritis (Seigel et al, 1980). 

At presentation, between 50% and 85% of patients 
with carcinoid have regional lymph-node metastases 
(Moertel et al, 1961). Detection of enlarged nodes by 
CT in this condition was first described by Picus et al 
(1984), retroperitoneal lymphadenopathy occurring in 
35% of their patients. In this series retroperitoneal 
lymphadenopathy occurred in 60% of patients. Limita- 
tions of CT scanning mean that metastases in normal- 
sized nodes will not be identified and, therefore, some 
patients will be incorrectly staged. Recently, retro- 
peritoneal fibrosis and nodes secondary to carcinoid 
tumour within the body of the pancreas have been 
documented (Gupta et al, 1985). The retroperitoneal 
fibrosis had surrounded the abdominal aorta, inferior 
vena cava and right renal artery causing renovascular 
hypertension. 

Liver metastases at presentation are common and 
occurred in 60% of our patients. The findings on CT of 
focal hypodense lesions were non-specific, as reported 
in other series (Sako et al, 1982; Picus et al, 1984). In 
this series the liver metastases had been confirmed at 
surgery, while follow-up scans showed an increase in 
size and number of the liver lesions. Detection of liver 
metastases by CT is related to scanning technique; 1 cm- 
thick contiguous sections through the liver increase the 
detection rate (Johnson et al, 1983; Picus et al, 1984). 
Limitations of the technique mean that small lesions 
(less than | cm in diameter) may be missed. In one of 
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our patients serosal liver metastases less than 0.5 cm in 
diameter, observed at post-mortem examination, had 
not been identified on the CT scan. 

In conclusion, while CT is poor at detecting the 
primary lesion it is reliable in assessing the extent of 
tumour spread within the abdomen. Surgery is the 
treatment of choice and few patients are diagnosed 
before laparotomy. However, increasing numbers of 
patients have adjuvant therapy and CT would appear to 
be the investigation of choice in obtaining baseline 
observations prior to treatment and in assessing 
response, as the sites of metastases are difficult areas to 
assess clinically. 

In patients with unexplained abdominal pain, the 
characteristic CT findings described above may be 
diagnostic. 
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Arterial Variations tn Man. Classification and frequency. By H. 
Lippert and R. Pabst, pp 121, 1985 (J. F. Bergmann Verlag, 
Munich), 65 DM (approx. £20) 
ISBN 3-8070—0341—X (Munich) 
0—387-00341—X (New York) 
Professors Lippert and Pabst of the Anatomy Department of 
the Hanover Medical School have collected 676 references to 
the varying patterns of arterial distribution in humans from 
both anatomical and radiological sources. They have distilled 
this information into a compact, clear and comprehensive 
book which gives diagrams im red of the distribution of arteries 
in every area of the body, together with a percentage frequency 
of occurrence, a brief description and the relevant references. 
As the authors point out, the normal textbook pattern of 
vascular distribution may be present m only a proportion of 
the population. Radiologists and surgeons are aware of the 
commoner variations, but until now have had no readily 
available source of mformation about the vanations in the 
whole artenal tree. This book will become sn cseential 
accompaniment for every angiographer and the authors are to 
be congratulated on the clarity with which they present so 
much complex information. 
W. D. JEANS 


Aortitis. Clinical, pathologic and radiographic aspects. Ed. by 
Adam Lande, Yahya M. Berkmen, and Hugh A. McAllister Jr, 
pp. x - 269, 1986 (Raven Press, New York), $63.50. 

ISBN 0-88167-141—X 

This is a monograph on aortitis by 15 authors whose drverse 
backgrounds reflect the protean nature of their subject. 
Together with Takayasu's disease, the acute systemic phase of 
which is, surprisingly, claimed to be common in England and 
Scandinavia (p. 56), syphilis and mycotic aneurysms, 
descriptions of aortitis with rheumatic fever, rheumatoid 
arthritis and giant cell arteriis. There is a chapter on 
radiological aspects of aortitis by two of the editors which is 
superbly illustrated with more than 80 aortograms and nuclear 
magnet resonance and computed tomographic scans. Other 
chapters cover medical, surgical and pathological aspects, and 
there are contributions from ophthalmologists, a neurologist 
and a paediatrician. 

The volume brings together under one cover a mass of 
information that would otherwise be virtually impossible to 
obtain, and is comprehensively referenced. The authors point 
out that aortitis tends to be underdiagnoeed because it is so 
uncommon in many clinscian’s practices compared with 
atherosclerosis. For those who feel vulnerable to the challenge 
of recognising the condition, this slim volume will make 
rewarding reading. 

Rogsr N. Bamp 
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Experimental evaluation of various available contrast agents 
for use in the gastrointestinal tract in case of suspected 


leakage. Effects on pleura 
By Abida Z. Ginai 


Department of Radiology, University Hospital Dijkzigt, Rotterdam, The Netherlands 


(Received November 1985 and in revised form January 1986) 


ABSTRACT 

Intrapleural injections of seven contrast agents were carried 
out in experimental rats in order to find a safe contrast agent 
to use in the radiological examination of the upper 
gastrointestinal tract in cases where leakage outside the upper 
gastrointestinal tract into the pleural space could be suspected, 
particularly post-operatively. The contrast agent in such cases 
could enter the mediastinum, pleura, peritoneum or lungs and 
bronchi. Hexabrix (May and Baker) and Gastrografin 
(Schering AG) produced the least tissue reaction in the pleura. 
Due to the potential risk of aspiration in such cases 
Gastrografin is not suitable as it is known to produce 
significant reaction in the lungs and may even prove to be fatal. 
Hexabrix, therefore, appears to be the safest contrast agent 
where leakage into the pleural space may be suspected. 


Experimental work was carried out to find a safe and 
suitable contrast agent for use in the gastrointestinal 
tract in cases where leakage outside the tract could be 
suspected, particularly post-operatively. The contrast 
agent used in the radiological evaluation of such cases 
can enter the mediastinum, pleura, or peritoneum, or be 
aspirated into the bronchi and lungs, or enter the lungs 
via a fistula. The reactions of various conventional 
gastrointestinal and bronchographic contrast agents as 
well as the more recent low-osmolality contrast agents 
metrizamide (Amipaque, Nycomed (UK) Ltd) and 
Hexabrix (May and Baker) have already been studied in 
the bronchi and lungs (Ginai et al, 1984), mediastinum 
(Ginai et al, 1985) and peritoneum (Ginai, 1985). This 
paper presents the effects of various contrast agents on 
the pleura of rats. Amipaque, which was used in the 
previous studies on lungs, mediastinum and peritoneum, 
is now replaced by iohexol (Omnipaque, Nycomed 
(UK) Ltd). 


MATERIALS AND METHOD 
One hundred and eight male rats (Wistar Strain, 
outbred stock, wu/cpb (Zeist, The Netherlands)), 
weighing between 264 g and 395 g were used. The rats 
were divided into nine main groups of 12 rats, seven 
groups receiving contrast agents (see below) and two 


Sannina: 





Address for correspondence and reprints: Dr A. Z. Ginai, 
Department of Radiology, University Hospital Dijkzigt, Dr 
Molewaterplein 40, 3015 GD Rotterdam, The Netherlands, 


control groups, one receiving physiological saline and 
the other anaesthetic only. | | 
(1) Pure barium sulphate ~ 90% weight/volume (w/v) 


suspension. 

(2) Micropaque, commercial barium sulphate 
suspension 100% w/v (Laboratories Nicholas 
Gaillard). 


(3) Gastrografin, sodium and meglumine diatrizoate 
370 mg I/ml (Schering AG, Berlin). 

(4) Dionosil, aqueous suspension of n-propylester of 
3: 5-diiodo-4-oxopyridin-1-ylacetate. (Glaxo Lab- 
oratories Ltd, Greenford, Middlesex). 

(5) Hytrast, aqueous suspension of N-propyl-2 : 3 diol 
3: 5-diiodo-4-pyridone. (NPP) and 3:5 ditodo-4- 
pyridone (DIP) (Guerbet Laboratories, Paris). 

(6) Omnipaque, iohexol in a concentration of 350 mg 
I/ml (Nycomed (UK) Ltd). 

(7) Hexabrix, meglumine and sodium ioxaglate 320 mg 
I/ml (May and Baker, Dagenham). 

(8) Physiological saline, 0.9% sodium chloride solution. 

(9) Control, anaesthetic only. 

Each main group was further divided into three 
subgroups of four rats according to the day of sacrifice 
(1 day, 8 days and 42 days). The rats were anaesthetised 
with ether and then placed on a rat board. A small 
incision was made on the left chest wall laterally, 
usually between the fifth and the sixth ribs obliquely in 
the line of the ribs. The chest wall and intercostal 
muscles were carefully dissected until the parietal pleura 
was reached. Through a small opening in the pleura, 
which always caused an immediate pneumothorax, 
0.2 ml (equal to ~ 45 ml in a 70 kg man) of one of the 
contrast agents or physiological saline was injected 
using a blunt polyethylene catheter. Immediately 
following the injection, the opening in the chest wall 
was closed with two or three layers of stitches. 
Radiographs of the chest were taken in the postero- 
anterior and lateral positions immediately after the 
injection and again on the day of sacrifice. In addition, 
radiographs were taken on Days 2 and 4 in the 8-day 
group and Days 7, 14 and 28 in the 42-day group. 
Subgroups of four animals from each main group were 
sacrificed (using an overdose of ether) at 1 day, 8 days 
and 42 days after receiving the contrast agent or saline. 
At dissection, the chest was carefully opened on both 
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sides and examined for the presence and distribution of 
contrast agent, any pleural effusion present and any 
gross abnormalities of the lungs, mediastinum, 
diaphragm and chest wall. Biopsies were taken from 
both sides of the chest and consisted of: (a) at least two 
biopsies of the intercostal muscle with parietal pleural 
lining chosen randomly but excluding the region of 
surgery when visible; (b) the diaphragm; (c) the 
infracardiac mediastinal tissue consisting of a loose 
fatty type of tissue with pleural lining; and (d) sections 
from both lungs with visceral pleural lining. In 
addition, lymph nodes (paratracheal and anterior 
mediastinal where possible) in the 8-day and 42-day 
groups were also removed. All these tissues were 
immersed in formalin for about 2-4 weeks, after which 
histological sections were prepared and stained with 
haematoxylin and azophloxin. The histological evalua- 
tion was based on the type and severity of the 
inflammatory reaction. The presence or absence of 
contrast agent was also noted. 


The histological reaction in the pleura was graded as . 


follows: 0 no reaction; + mild reaction; + + moderate 
reaction; + +-+ severe reaction. The y? test (for K 
independent samples) was applied for the determination 
of the level of significance. 


RESULTS 

The animals, in general, tolerated the anaesthetic and 
the surgical procedure quite well. There were three 
deaths in total, all occurring following anaesthesia, 
before X-ray examination (see Table I). The general 
complications of surgery included three mb fractures, 
which healed well, and a total of nine animals in which 
the left lung was caught in the inner layer of chest wall 
stiches. In these animals adhesions were also seen 
between the left lung and the chest wall at the site of 
introduction of the contrast agent. 


Radiological findings 

All contrast agents were clearly visible on the chest 
radiographs taken immediately after injection. Despite 
the care taken to inject only into the left pleural space, 
the contrast agent was most often seen in both pleural 
spaces (Fig. IA), sometimes only on the left side 
(Fig. 1B) but sometimes mainly on the right side 
(Fig. lc). At this stage, pneumothorax was always 
present on the left side (Fig. 1). In the case of 
Omnipaque, Hexabrix, Gastrografin and Dionosil, the 
agent appeared to be almost completely absorbed after 
24 h and in these groups, as well as the physiological 
saline group, there was no demonstrable pneumothorax 
on the 24h radiographs. No recognisable collapse, 
consolidation or pleural effusion could be seen in these 
groups up to the 42nd day. 

The pure barium sulphate, Micropaque and Hytrast 
groups showed definite localisation of the contrast 
agents in the region of the mediastinum, mainly to the 
left and anteriorly. Only very slight variations were seen 


TABLE I 
TISSUE REACTION IN THE PLEURA OF 108 RATS 
Agent Day of dissection Total 
I 8 42 
Pure banum 
sulphate ++ +++ ++ 26 
++ +++ ++ 
++ +++ - 
++ +++ x 
Micropague +++ +++ +++ 33 
+++ +++ +++ 
++ ++ +++ 
+++ ++* +44 
Hytrast +++ ++ + 23 
+++ ++ + 
+++ ++ + 
+++ ++* 0 
Dıonosil + ++ + I1 
+ + + - 
+ + 0 
+ + 0 
Gastrografin + TF qe 10 
+ ++ + 
+ + 0 
0 0 0 
Omnipaque ++ T + 13 
+ ++ + 
+ + 0 
+ + 0 
Hexabrix + + ++ 9 
+ + + 
0 + + 
0 0 0 
Physiological saline + + + 5 
+ + 0 
0 0 0 
0 0 0 
Control 0 t + 3 
0 0 + 
0 0 0 
0 0 0 
Total 47 52 34 





Qno reaction; + mild reaction; + + moderate reaction; 
— Contrast agent not m pleura. 


up to the 42nd day in the pure barium sulphate and 
Micropaque groups (Fig. 2). The Hytrast group, 
however, showed only a tiny amount of residual 
contrast agent by the 42nd day. These three groups 
(pure barium sulphate, Micropaque and Hytrast) also 
appeared to have some pleural effusion on Day 1 and in 
some cases until Day 8. A small pneumothorax was also 
seen in many animals in these groups until this time. No 
contrast-filled lymph nodes could be defined in the 
mediastinal region on radiographs, but small areas 
suggestive of collapse/consolidation of the lungs were 
visible in some rats in all three groups. 
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Fic. I. 


Radiographs taken immediately after introduction of contrast medium into pleura. (A) Postero-anterior and lateral radiographs 
of the chest showing Micropaque in the pleural spaces, (B) Hytrast visible only in the left pleural space with a left pneumothorax, 
(C) Hexabrix is seen to be mainly in the right pleural space with pneumothorax. A left pneumothorax is also visible. 
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Fic. 2. 


Postero-anterior and lateral radiographs taken 42 days after introduction of Micropaque (same rat as Fig. 1a). Very little change 
is in the quantity of contrast agent since the Day-1 radiographs (Fig. lA). 


Pathological findings 

Gross examination. The gross abnormalities whenever 
present were always more marked on the side of 
injection (left side) than the right side of the chest. The 
chest wall wound appeared to be fully healed in the 8- 
day group. 

Pure barium sulphate and Micropaque were seen as 
whitish plaques in places on the parietal pleural lining 
of the chest wall, on the pleural surface of the 
diaphragm and over the surface of the lung. The 
contrast agent appeared to collect mainly centrally in 
the loose connective tissue of the mediastinum, 
particularly in the infracardiac region. A slight to 
moderate pleural effusion, containing whitish contrast 
agent, was noted on Day | and the quantity of contrast 
agent on the left side was much more than on the right 
side of the chest. Adhesions were noted between the left 
lung and the mediastinum and to a lesser degree 
between the right lung and the mediastinum. These 
were most marked on Day 8, but also visible till Day 
42. Areas of collapse/consolidation in the lungs were 
visible in some rats. Hytrast tended to clump, 
particularly in the mediastinal region, with moderate 
pleural effusion on Day 1: dark red areas were seen on 
the lung surfaces and in later stages some adhesions 
occurred between the lungs and the mediastinum. The 


quantity of contrast agent and number of adhesions 
were, however, considerably reduced by Day 42. The 
Omnipaque, Gastrografin, Hexabrix, Dionosil and 
physiological saline groups showed no detectable 
pleural effusion or any sign of contrast agent at any 
stage on dissection. No collapse or consolidation of the 
lungs was noted on gross examination, nor any 
adhesions between the lung and the mediastinum. 
Adhesions were seen occasionally between lung and 
parieta! pleura at the site of the injection in those 
animals where the lung was accidentally caught in the 
chest-wall stitches (nine animals). 


Histological reaction 

The histological changes were, in general, almost 
always most significant on the left side but less marked 
changes were often also found on the right side. 
particularly intrapulmonary abnormalities. 

Pure barium sulphate. The histological reaction was 
more marked on the left side. At Day 1, deposits of 
contrast agent were seen in the parietal pleural lining of 
the thoracic wall, diaphragm and the mediastinal 
structures, and was mostly superficial and extracellular. 
The most abundant collection of contrast agent was 
seen in the infracardiac mediastinal fat and its pleural 
lining (Fig. 3). This was accompanied by a fibrinous, 
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FiG. 3. 


Histological section showing pure barium sulphate collections 
at Day | in the mediastinal infracardiac pleura and fatty tissue 
(haematoxylin and azophloxin, x 60). 


histiocytic reaction with some polymorphonuclear cells. 
The visceral pleura covering the lung appeared swollen 
with small deposits scattered mainly over the surface 
and not intracellularly (Fig. 4). 

On Day 8, the reaction of the parietal pleura was 
again most extensive in the mediastinal region, with 
much less change in the region of the diaphragm and 
chest wall. At this stage, extensive intracellular 
quantities of contrast agent were seen within the 
histiocytes with occasional multinucleated foreign-body 
giant cells. Similar but scattered reactions were also 
seen on the surface of the lung within the pleura. 

At 42 days, extensive fibroblastic histiocytic infiltra- 
tion was seen, with some lymphocytes and multi- 
nucleated giant cells in the parietal and visceral pleura 
(Fig. 5). The histiocytes were loaded with granular- 
looking contrast material. The reaction was most 
marked in the mediastinal fatty tissue. and parietal 
pleura. In the lungs, small focal perivascular infiltrates 
were seen in most of the animals with lymphocytes, 
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Histological section at Day | after Micropaque introduction, 

showing swelling and proliferation of visceral pleural 

mesothelial cells. No pulmonary parenchymal abnormalities 
are visible. (H & A, x 150). 


histiocytes, polymorphs and eosinophils in places. This 
reaction was similar in both lungs, although the pleural 
reaction was always more marked on the side of 
injection of the contrast agent. 

Micropaque. Histological reaction in the pleura 
caused by Micropaque was very similar to that by pure 
barium sulphate except that at 42 days the mediastinal 
lymph nodes also showed accumulation of some of the 
contrast agent within the histiocytes. 

Hytrast. On Day 1, extensive deposition of contrast- 
agent crystals was seen in the pleura, particularly the 
mediastinum with local necrosis accompanied by 
fibrinous deposits and polymorph infiltration. Swelling 
of the mesothelial lining cells was noted with infiltration 
of histiocytes. The visceral pleura covering the lung 
showed a diffuse reaction with swelling of the 
subpleural mesothelial cells and polymorphs. The 
contrast agent was particularly concentrated in the 
mediastinal region of the pleura. Intrapulmonary foci of 
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Histological section at 42 days after pure barium sulphate 

injection showing visceral pleura with extensive granulomatous 

reaction with intracellular barium sulphate collections in 

histiocytes and multinucleated giant cells (H & A. x 60, inset 
H & A, x 380). 


inflammatory reaction were also noted with small areas 
of collapse of the lung in places. 

On Day 8, extensive fibrohistiocytic reaction with 
central necrosis was seen. Intracellular contrast-agent 
crystals were also seen in the histiocytic cells and 
multinucleated, foreign-body giant cells. The visceral 
pleura showed focal thickening with subpleural infiltra- 
tion containing lymphocytes and eosinophils. Both 
lungs showed perivascular lymphocytic infiltrations 
with some eosinophils. 

At Day 42, the pleural reaction was similar to that at 
Day 8 but less severe. The lymph nodes showed 
follicular lymphoid hyperplasia but no contrast agent 
was present. 

Dionosil. On Day 1, swelling of the lining cells of the 
parietal pleura was seen with slight diffuse reaction with 
some histiocytes and polymorphs in places; 


polymorphonuclear infiltration was also evident in the 
visceral pleura. 

On Day 8, a fibrotic reaction was observed, with 
thickening of the parietal pleura and infiltration with 
histiocytes, polymorphs and eosinophils; on the visceral 
surface, there was focal proliferation of the subpleural 
tissue. 

On Day 42, there was slight swelling of mesothelial 
cells of the parietal pleura with some fibrosis. Slight 
thickening of the visceral pleura was also seen in places, 
while subpleural and perivascular infiltrates with 
mononuclear cells were noted in both lungs at all 
stages, i.e. at 1 day, 8 days and 42 days. 

Omnipaque. On Day 1, slight polymorphonuclear 
reaction with swelling of the mesothelium was noted in 
the parietal pleura. The visceral pleura showed some 
swelling of the cells with a slight inflammatory reaction. 
On Day 8, there was minimal reaction in the parietal 
pleura with slight subpleural and intrapulmonary 
infiltration with lymphocytes and histiocytes. On Day 
42. a minimal reaction was seen similar to that of 
Day 8. 

Hexabrix. On Day 1, swelling of the connective tissue 
was present in the mesothelium of the parietal pleura 
and a little fibrinous exudate was present in the visceral 
pleura of two animals. No intrapulmonary abnormality 
was seen. At Day 8, swelling of the parietal pleural 
mesothelium was seen with some plasma cells. 
histiocytes and eosinophils present. The visceral pleura 
showed some increase in the mesothelial stroma and 
there was slight intrapulmonary perivascular infiltration 
with polymorphs, histiocytes and lymphocytes. The 
lymph nodes showed follicular lymphoid hyperplasia. 
At Day 42 a similar reaction as at Day 8 was seen, 
except that there were no changes in the lymph nodes. 

Gastrografin. On Day |, minimal swelling of the 
parietal pleural mesothelium was seen with 
inflammatory infiltrates consisting of polymorphs and 
mononuclear cells. The visceral pleura showed some 
swelling of the mesothelial cells and, in the lungs, there 
were small subpleural and perivascular inflammatory 
infiltrates with polymorphs and mononuclear cells. On 
Day 8, a focal fibrotic reaction was noted in the parietal 
pleura with lymphocytes and polymorphs and swelling 
of the mesothelial lining cells. Swelling of cells was also 
seen in the visceral pleura. Intrapulmonary perivascular 
infiltrates with lymphocytes and histiocytes were also 
noted. At 42 days, a similar reaction to that on Day 8 
was seen. The lymph nodes showed follicular lymphoid 
hyperplasia. 

Physiological saline. On Days | and 8, slight 
infiltration and swelling of the mesothelial cells of the 
pleura was noted in some animals and there was slight 
perivascular intrapulmonary reaction with a few 
histiocytes and polymorphs. At the 42-day stage, except 
for slight infiltration of mesothelial lining of the pleura 
in one animal, no other abnormalities were seen. 

Control group ( anaesthetic only). Animals showed no 
abnormality on Day l|. Minimum perivascular 
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infiltrates with eosinophils, histiocytes and lymphocytes 
were seen in one animal in the 8-day group and in two 
animals in the 42-day group. In these animals the lymph 
nodes were rather large and showed  nodular 
hyperplasia. 

Table I summarises the histological reaction of the 
various contrast agents and physiological saline control 
group on the pleura of rats. The 7^ test for K 
independent samples showed a highly significant 
difference between the various contrast agents 
(p < 0.001). The Hytrast, Micropaque and pure barium 
sulphate groups produced a highly significant reaction 
(p < 0.001) compared with the combined control group 
(physiological saline and anaesthetic-only control 
groups were joined together to form one group as they 
were not significantly different from each other). There 
was a significant difference between the combined 
control group and Omnipaque (p « 0.01). There was no 
significant difference between Hexabrix, Gastrografin, 
Dionosil and the combined control group. 


DISCUSSION 

This study forms a part of the experimental work 
carried out to find a safe and suitable contrast agent for 
use in the gastrointestinal tract in cases where leakage 
may be suspected outside the lumen of the gut, 
particularly post-operatively. The contrast agent in such 
cases may leak into the mediastinum, pleura or 
peritoneum, or enter the lungs either by aspiration or 
direct fistula formation. Ideally, the contrast agent 
should not produce any toxic effect should it enter any 
of these regions. The conventionally used water-soluble 
contrast agent Gastrografin has been shown to be 
unsafe if it enters the lungs and may even cause death 
(Ansell, 1968; Chiu & Gambach, 1974). Experimentally, 
too, Gastrografin has been found to be unsafe in the 
lungs (Frech et al, 1970; Ginai et al, 1984). 

The tissue reaction to various contrast agents has 
already been evaluated experimentally in the lung 
(Ginai et al, 1984), mediastinum (Ginai et al, 1985) and 
peritoneum (Ginai, 1985). The present study shows the 
tissue reaction of the various contrast agents on the 
pleura of rats. 

Micropaque, pure barium sulphate and Hvytrast 
produced highly significant reactions (p « 0.001) in the 
pleura of rats compared with the control groups. Pure 
barium sulphate and Micropaque were both visible 
radiographically (although somewhat less dense) in the 
thorax up to the 42nd day, whereas only very slight 
Hytrast rests were visible on the Day-42 radiographs. 
Dionosil, Hexabrix, Omnipaque and Gastrografin were 
no longer visible on the Day-l radiographs and 
appeared to be completely absorbed in the first 24 h. 

The factors which lead to the absorption of the 
contrast agent in the pleural space and the exact route 
of removal can only be postulated on the basis of 
literature studies. Another puzzling question concerns 
presence of contrast agent in the right pleural space 
when it was carefully injected into the left pleural space. 


893 


The mechanics of the pleural space have been 
extensively studied and reviewed by Agostoni (1972). 
“The absorption of liquid from the pleural cavity may 
occur through the lymphatics and the blood, that of 
particles and large molecules only through the 
lymphatics” (Dybkowsky, 1866, cited in Agostoni, 
1972). Courtice and Simmonds (1954) reviewed the 
lymphatic drainage from the pleural cavity and 
concluded that nearly all absorption takes place in the 
parietal pleura. The communications between the 
lymphatics and pleural cavity do not seem to be 
permanent but occur due to temporary dehiscence of 
adjoining mesothelial cells occurring when the pleura is 
stretched. The importance of respiratory movement for 
passage of liquid and particles through the mesothelial 
lining and subserous tissues into the lymphatics and for 
the propulsion of the lymph stream is paramount. The 
lymphatics therefore appear to be an important route 
for drainage of pleural liquid, proteins and particles. 
Courtice and Simmonds (1949) studied the absorption of 
fluids from the pleural cavities of rabbits and cats, in 
particular, the absorption rate of 0.9% sodium chloride 
solution and of plasma injected into the pleural cavities 
of normal rabbits. According to those authors, 
anaesthetics slow down the absorption, but in 
unanaesthetised animals both saline and plasma are 
absorbed at about the same rate. When they injected 
6 ml/kg of fluid, practically all was absorbed in 24 h. 
The rate of absorption was greatly increased by 
increasing respiratory movements. They also pointed 
out the differences between animal experiments and 
man. "In experimental animals the pleural investment is 
thin; the visceral layer is supplied by pulmonary artery. 
The mediastinum is mobile and material injected into 
one pleural cavity is almost invariably removed later 
from both sides." The results in the present experi- 
mental study would also confirm their point of view, as 
the contrast agent injected in the left pleural space was 
almost always seen in the right pleural space on the 
radiographs. The absorption of water-soluble contrast 
agents was fairly rapid, possibly only a few hours since, 
at 24 h, no sign of any pleural effusion or contrast 
agent was seen. The mobility of the mediastinum and a 
possible connection between the two pleural spaces 
must account, in the case of certain animals, for the 
presence of contrast agent in both pleural cavities. 

Black (1972) also reviewed the pleural space and 
pleural fluid and found that the pleural space normally 
contains a very small amount of fluid and that the 
lymphatics are located in the subendothelial layer of the 
parietal pleura. Anteriorly, the parietal pleura drains 
into the internal mammary system, while posteriorly the 
pleura is drained into the intercostal lymph nodes. 
Eventually, lymph enters the vascular system through 
the right lymphatic trunk or the thoracic duct. The 
lymphatics of the visceral pleura drain into the 
mediastinal lymphatic system and then into the venous 
system by right lymphatic trunk or thoracic duct. 
Particulate matter (such as graphite and colloid iron), 
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according to Courtice and Simmonds (1954), is 
absorbed mainly by the lower mediastinal pleura and 
costal parietal pleura in animals. Particulate matter is 
not absorbed by the visceral pleura. This fact is well 
demonstrated by the present experimental work, where 
pure barium sulphate and Micropaque were always 
found most abundantly in the inferior mediastinal 
pleura. The lower mediastinal pleura appears to the 
naked eye as a loose fatty tissue covered with pleural 
lining extending between the heart and diaphragm and 
anterior chest wall in the midline. The Micropaque 
series also showed filling of some of the mediastinal 
lymph nodes with contrast agent. This, however, was 
not found in the barium sulphate and Hytrast animals, 
which may be because not all of the mediastinal lymph 
nodes were included for histological section. It is also 
noteworthy that no absorption of the particulate 
contrast material is seen in the lungs and yet many 
lungs showed areas of patchy collapse and consolida- 
tion with all contrast agents. Although this may be due 
to intercurrent infection in some instances, the change is 
seen too frequently to be just a chance occurrence. 

Another interesting observation is that the 
diaphragmatic lymphatics did not appear to fill with 
contrast agent. This is in contrast to the intraperitoneal 
injections (Ginai, 1985), where contrast agent filling of 
the diaphragmatic lymphatics and retrosternal 
lymphatics and lymph nodes was well defined in the 
case of pure barium sulphate, Micropaque and Hytrast. 
In the present series, no abdominal lymph nodes were 
seen to be filled with contrast agent. This difference in 
the peritoneal and pleural routes of absorption is also 
commented upon by Lemon and Higgins (1929). They 
point out the rarity with which pleural infections 
involve the peritoneum, whereas it is well known that 
pleural effusion may be associated with many 
abdominal pathological processes, such as Meig’s 
syndrome, pancreatitis, peritoneal dialysis, and sub- 
phrenic abscess (Black, 1972). 

In conclusion, the present study demonstrates that 
the water-soluble contrast agents Omnipaque, Gastro- 
grafin, Hexabrix and Dionosil cause the least reaction 
in the pleura, with Gastrografin and Hexabrix not being 
significantly different from the combined control group 
(saline/anaesthetic only). These two agents could be 
safely used, therefore, in cases where the possibility of 
leakage into the pleura may be suspected e.g. in the 
post-operative assessment of anastomotic upper gastro- 
intestinal-tract surgery. 

Previous experimental work on the lungs (Ginai et al, 
1984) showed that Amipaque and Hexabrix were the 
least toxic contrast agents in the bronchi and lungs of 
rats, whereas Gastrografin caused significant reaction in 
these areas. Experimental work on the mediastinum 
(Ginai et al, 1985) demonstrated that Hexabrix and 
Gastrografin cause the least tissue reaction. Amipaque, 
Hexabrix and Gastrografin caused the least reaction in 
the peritoneum of rats (Ginai, 1985). In the light of 
these observations, it would appear that Gastrografin 
would not be suitable for use where there is risk of 


leakage directly into the lungs or aspiration into 
bronchi. This is because of a direct toxic effect on these 
tissues with the possibility of fatal reaction in patients if 
aspirated (Ansell, 1968; Chiu & Gambach, 1974). 
Amipaque is not ideal for practical use because of its 
high cost and its non-availability in a ready-to-use 
form. 

In view of this, Hexabrix would be the contrast agent 
of choice in cases where leakage into the pleura, 
mediastinum or peritoneum may be suspected and 
aspiration may be an accompanying risk. and since 
starting its clinical use in our department, no untoward 
reactions have, so far, been recorded. A clinical study 
with Hexabrix is now being prepared. 
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ABSTRACT 

Applying Escudero’s formula to Bayes’ theorem of 
conditional probabilities, we have developed a mathematical 
model to diagnose type-specific brain tumours with great 
accuracy. We have transformed a multidimensional system of 
n characteristics on computed tomography into a linear 
system, making this model very easy to use and, thus, 
accessible to the clinician and radiologist. We tested this model 
in 177 brain tumours. In 86% of the cases we obtained a type- 
specific correct diagnosis, achieving better results than those 
previously reported. Suggestions are given as to how to 
improve this method further. 


The use of computed tomography (CT) as a screening 
procedure on patients with mass-occupying processes in 
the brain has profoundly modified the overall 
neurosurgical diagnostic outlook and, hence, the 
therapeutic approach. However, accurate differential 
diagnosis of the different brain tumours by CT has not 
been easy up to now. 

The use of a computer as an aid in making pre- 
operative diagnoses of organic brain lesions has been 
described (Du Boulay & Price, 1968; Kolber et al, 1974; 
Koller, 1976; Rioux & Nakache, 1979; Rotte, 1979; 
Wills et al, 1981,1982; Iglesias et al, 1985). Wills et al 
(1981,1982), using a discriminant analysis based on 
Bayes’ theorem, obtained an accurate diagnosis of 
certain brain tumours by CT in 82.7% (either as a first, 
second or third choice) of the cases studied. It is the 
purpose of the present study to apply this methodology, 
using a personal computer, to obtain a mathematical 
model that will enable us to diagnose tumours from pre- 
operative CT scans with greater accuracy and 
objectivity. 


MATERIAL AND METHODS 
Three thousand seven hundred and fifty CT scans 
of patients with intracranial tumours from a previous 
German co-operative study (Kazner et al, 1981) were 
reviewed. In 3604 cases the diagnosis was verified 
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histologically and tumours were classified according to 
the WHO norms. The neuropathologist made his 
diagnosis solely on the basis of the histological image; 
the appearance on CT in no way contributed to this 
diagnosis. We analysed the following types of intra- 
cranial tumours: astrocytomas, anaplastic astro- 
cytomas, oligodendrogliomas, glioblastomas, pilocytic 
astrocytomas, ependymomas, medulloblastomas, 
lymphomas, plexus papillomas, meningiomas, and 
metastases. Both supra- and infratentorial tumours 
were included. The CT scans studied were divided into 
two groups according to the age of the patients (older 
and younger than 15 years) because the localisation and 
incidence of brain tumours are not always the same in 
these age groups. 

The following characteristics on CT were collected for 
each tumour in both age groups and were used to 
evaluate the CT: predominant localisation. (frontal, 
parietal, temporal, occipital, midline, brain stem, sellar, 
intraventricular, cerebellar, or cerebello-pontine angle), 
X-ray absorption (hypo- and hyperdensity), enhance- 
ment after injection of contrast material, perifocal 
oedema, calcifications, post-contrast ring enhancement, 
lesion delimitation and multiplicity of the lesion. We 
considered as hypodense those tumours which appeared 
darker than the normal brain tissue, that is, where the 
absorption was reduced. Hyperdense tumours were 
those which appeared lighter than the cerebral tissue 
because of an increased absorption. The degree of hypo- 
and hyperdensity was not considered. Under oedema 
we did not consider any grading (Kazner et al, 1981), 
but just considered the presence or absence of oedema, 
regardless of the degree. These characteristics were 
entered into the computer. The diagnosis obtained in 
this manner was then compared with the histological 
diagnosis. 

The CT scans of the 3750 patients were used as a data 
base (“training field") and 177 new CT scans, for each 
of which the patient had a confirmed histological 
diagnosis, were used as a "test field" to evaluate our 
method. A personal computer  Commodore/8032 
(32 KB RAM) with a dual-drive floppy disk (8050) was 
used. The programming language used was 
Commodore’s Microsoft Basic. 
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TABLE I 
PROBABILITIES A PRJORI OF THE TUMOURS STUDIED 


Type of neoplasm Probability a prrori 

older than younger than 

15 years 15 years 
Astrocytoma 0 085 0.199 
Anaplastic astrocytoma 0.070 0.020 
Oligodendroglioma 0.058 0.060 
Ghobiastoma 0 190 0.060 
Pilocybe astrocytoma 0 056 0.180 
Ependymoma 0.056 0.098 
Medulloblastoma 0.045 0.180 
Lymphoma 0 044 0.001 
Plexus papilloma 0.031 0.141 
Meningioma 0.215 0 060 
Metastasis 0.150 0 001 

RESULTS 

Mathematical foundations 


According to Bayes’ theory of decision, the 
interpretation of a test result or of any other finding 
rests equally upon two factors: probability a prior! and 
conditional probability. 

The values of the probability a priori of each 
diagnosis, in both age groups, was calculated (Table I) 
by obtaining the mean of probabilities for each group, 
as described in the literature (Jánisch et al, 1980; 
Kazner et al, 1981; Wills et al, 1981; Jellinger & 
Machacek, 1982; Schreiber et al, 1982; Wills et al, 1982; 
Iglesias et al, 1983). 

To calculate the conditional probability, the distri- 
bution of the different characteristics on CT must be 
taken into account. This probability was calculated 
independently in the two age groups considered (Tables 
II, IIT). We have assumed that the characteristics on CT 
follow, as seen histologically (Iglesias et al, 1983), a 
binomial distribution. In a binomial distribution the 
best estimation for a tumour of the "training field" to 
belong to a given diagnosis is the relative frequency of 
each characteristic in each diagnosis (Escudero, 1977; 
Iglesias et al, 1983). 


Practical application 

The discriminant function is obtained by trans- 
forming the product of the probability a priori and the 
conditional probability into a linear function. 

À tumour is given a determined diagnosis, D,, if its 
discriminant function G,(S) has a maximal value 
among one of the n given diagnoses (in this series 
nm 11) To establish the maximal discriminant function 
and its corresponding probability, the following steps 
have to be taken using a computer. 

(1) Calculation of the values of the n discriminant 
functions in a given CT scan and their arrangement in 
descending rank; (2) calculation of the differences 


between the n discriminant functions which gives n—1 
values; (3) calculation of the mean of the differences; (4) 
if the first difference is greater than the mean, then the 
tumour belongs to the first diagnosis because the 
difference between the first and second discriminant 
functions is greater than the mean and has, thus, a 
maximal probability. If the first difference is smaller 
than the mean, then the tumour belongs to the first and 
second diagnoses because it can not differentiate one 
from the other, and so on. Its exact probability a 
posteriori P(D,/S) must be calculated with the 
following formula: 
G,(S,) 
jy is a ite a 
P(D,/S,) = y exp G(S) 

where G,(S,) = AV)o+AV,S, (AV, = influence of the 
class; AV, = influence of the characteristics S . Thus, 
the computer displays and outputs values of diagnoses 
in descending rank of probabilities, with a limit of 0.01 
to avoid having a long list of differential diagnoses 
which are of little value, as seen in the following 
examples. 


Tumour 8 Histological diag’ lymphoma 
Computer CT diag.: lymphoma 53.26% 
anaplastic 
astrocytoma 39 47% 
Tumour 25 Histological diag: plexus papilloma 
Computer CT diag.: ependymoma 59.37% 
plexus papilloma 36.15% 
Tumour 159 Histological diag.: astrocytoma 
Computer CT diag.: astrocytoma 64 04% 
anaplastic 
astrocytoma 24.30% 
oligodendroglioma 8.39% 
lymphoma 1.90% 


pilocytic astrocytoma 1.11% 


When we applied this mathematical model to the 177 
cases of our ''test field" and then compared the 
diagnosis by CT with the histologically confirmed 
diagnosis, 86% were Mrd correctly 
diagnosed (Table IV). -> 


DISCUSSION 

Bayes' theorem has been used to classify clinically 
radiologically different intracerebral processes with a 
percentage of correct diagnoses which oscillates between 
69% and 88% when considering the first, second and 
third choices as being correct (Rotte, 1979; Wilis et al, 
1981,1982). However, because these previous works 
have not dealt with the same groups of tumours we 
studied, it is difficult to make any comparisons as to the 
degree of success. Applying Escudero's formula 
(Escudero, 1977), which is based on the analysis of the 
distribution of given characteristics, it was possible to 
obtain an histologically correct diagnosis of brain 
tumours in 92.77% (Iglesias et al, 1983) of the cases 
studied and a cytologically correct diagnosis of thyroid 
tumours was obtained in 91% (Scholman et al, 1984). In 
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TABLE IV 
MATHEMATICAL CLASSIFICATION OF BRAIN TUMOURS BY CT 

Diagnosis by CT Correct Incorrect Total 

diagnosis diagnosis 
Astrocytoma 11 (1007) 0 11 
Anaplastic astrocytoma 15 (88.2%) 2 (11.825) 17 
Oligodendroglioma 6 (66.75) 3 (33.3%) 9 
Glioblastoma 25 (92.6%) 2 (74%) 27 
Pilocytic astrocytoma 18 (94.7%) I (8.3%) 19 
Ependymoma 13 (100%) 0 [3 
Medulloblastoma 14 (87.50 2 (12.5%) 16 
Lymphoma 7 (70.0%) 3 (30.0%) 10 
Plexus papilloma 0 6 (100°) 6 
Meningioma 31 (91.2%) 3 (8.8%) M 
Metastatis 12 (80092 3 (20.0%) 15 
Totals 152 (85.9%) 25 (14.155) 177 





this study we have obtained a correct first-choice 
diagnosis by CT using Escudero's formula in 867; of the 
CT scans analysed. 

The success in discriminating among certain tumours, 
for example, astrocytomas and anaplastic astrocytomas, 
in which in some instances it may seem the divisions are 
indecisive, was obtained by taking into account those 
characteristics which clearly differentiate one tumour 
type from the other. In this example the decisive 
characteristics, as seen in Table Il and II, were: 
hypodensity (in 98% of astrocytomas but only 337, of 
the anaplastic astrocytomas), hyperdensity (075 in 
astrocytomas in comparison with 19% in anaplastic 
astrocytomas), and the enhancement after contrast 
material (in only 2°, of the astrocytomas but in 75% of 
the anaplastic astrocytomas). These differences related 
to the malignancy of a tumour could be correlated very 
well with their histopathological image. The same 
approach has also been successfully used by other 
authors (Wills et al, 1981,1982). 

One of the factors which lead to errors in the 
diagnosis was that the morphology of some tumours, as 
depicted by the CT scan, showed a very similar pattern. 
Such is the case for ependymomas and plexus 
papillomas, as previously described by other authors 
(Kazner et al, 1978, 1981). In order to discriminate one 
diagnosis from another it is important for all tumours of 
the same histological type to have similar characteristics 
on CT and that these be sufficiently different from those 
seen in other tumours. Because this was not the case for 
ependymomas and plexus papillomas we can say that 
the cases wrongly diagnosed were due to the tumoral 
characteristics considered and not to the mathematical 
model used. It must be said, however, that the diagnosis 
of plexus papilloma was not totally excluded but was 
always given as a second choice in the list of differential 
diagnosis with a little difference in probabilities. as 
compared with the ependymomas. Considering the first 
and second choices as correct diagnoses the cases 
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correctly diagnosed would be considerably higher than 
86%. 

In order to improve our results more characteristics, 
such as degree and localisation of oedema, lesion 
contour and so on, should be included. The interaction 
of these characteristics, as given by this mathematical 
model, would permit a more precise discrimination and, 
therefore, a more exact diagnosis. In fact, we believe 
that our errors in the diagnosis of plexus papillomas 
occurred because we did not take into account the 
contour of the lesion. However, it is interesting to notice 
that although we considered relatively few 
characteristics on CT, the degree of correctly diagnosed 
cases was relatively high, although no comparisons may 
be made with the results of other authors using the 
same methodology (Ambrose et al, 1975; Collard & 
Dupont, 1978; Wills et al, 1981, 1982) because we have 
considered a more restricted set of diseases and so 
comparisons could be misleading. The high accuracy of 
this system permits the confirmation of a diagnosis with 
CT, although a final histological confirmation is always 
desirable. 

This method gives more precise and objective CT 
diagnoses and reduces the degree of human error, since 
the comparison of every CT problem with previously 
established, discriminant functions for each diagnosis 
reduces subjectivity. At the same time it provides an 
updated archive which allows the rapid location of 
similar or identical cases, thus facilitating a clinical-CT- 
histological correlation, and is easy to use (Teather et 
al, 1985; Wills et al, 1981, 1982). 

The computer provides, at the same time, differential 
diagnoses expressed in percentages of probabilities a 
posteriori. This is easily achieved by transforming a 
multidimensional system of nxm dimensions (n 
characteristics in m diagnoses) into a linear system 
G,(S,). 

This model lightens the diagnostic decision of the 
physician and allows an easy and objective learning of 
the characteristics which determine each category. Very 
important is the fact that this method requires only a 
simple computer, is very rapid and is programmed in 
BASIC, all of which makes it accessible. Although this 
semiautomatic method facilitates the physician's work, it 
does not diminish the importance of his decision- 
making (Teather et al, 1985). 


REFERENCES 

AMBROSE, J., Goooinc, M.R. & RICHARDSON, A. E., 1975. 
Sodium iothalamate as an aid in the diagnosis of 
intracranial lesions by computerized transversal axial 
scanning. Lancet, ii, 669—674. 

COLLARD, M. & Dupont, H., 1978. Critical of the errors in 
brain tomodensitometry. In The Diagnostic Limitations of 
Computerized Axial Tomography. Ed. by J. Bories (Springer- 
Verlag, Berlin), pp. 178-189. 

Du Bouray, G. H. & Price, V. E., 1968. The diagnosis of — 
intracranial tumours assisted by computer. British Journal of 
Radiology, 41, 762—781. 


VoL. 59, No. 705 


J. R. Iglesias, E. Karner, C. Aruffo and J. Esparza 


EscupgzRO, L. F., 1977. Reconocimiento de Patrones. 
(Paraninfo, Madrid), pp. 1-688. 

IGLESNAS, J. R, SANCHEZ, M.J., SANDRA, A. & MOHNBAUPT, 
A., 1983. Computer model of archive and diagnosis of bram 
tumours based on the WHO classification. EDV fir 
Medizm und Biologie, 14, 40-44. 

IgrLESAs, J. R, KAZNER, E., ARUFFO, C. & Esparza, J., 1985. 
CT diagnosis of brain tumours: semiautomatic type-specific 
diagnosis with the help of a personal computer 
Mathematical fundaments and practical application In 
Computerized Assisted Radiology Ed. by H. U. Lemke, 
M. L. Rhodes, C C. Jaffee & R Felix (Springer-Veriag, 
Berlin), pp. 443-448. 

JANtscH, W., Scuremer, D. & QrgrLACH, H. 1980. Tumoren 
des Zentralmervensysterms bei Feten und Säuglingen. (YEB 
Gustav Fischer Verlag, Jena), pp. 1-555. 

Jetuincer, B. & Macuacer, E, 1982. Rare intracranial 
tumours in mfancy and childhood. In Twnowrs of the 
Central Nervous System in Infancy and Childhood. Ed. by D. 
Vogt, P. Gutjahr & C. Langmaid (Springer-Verlag, Berlin), 
pp. 44-52 

KAZNER, E., WENDE, S., QRUMME, TH., LANK9»*CH, W. & 
STOCEDORPH, O., 1981. Computertomographie Intrakranieller 
Tumoren aus Kimischer Sicht. (Springer-Veriag, 
pp. 1-548. 

Kazner, E., Wur, J, Srmmpoer, H. & Stocaporps, O, 
1978. assisted tomography in primary malignant 
lymphomas of the brain. Journal of Computer Assisted 
Tomography, 2, 125-134. 

Kors, T., Venca, H. & WiNCKLER, C., 1974. Prüoperative 


Berlin), 


Artdiagnostik hirnorganischer Prozesse mit hilfe emes 
Computerprogramms. Acta Neurochirurgica, 31, 23—28. 

Kouer, S., 1976. Mathematisch-statistische Grundlagen der 
Diagnostik. Klimschen Wochenschrift, 45, 1065-1072. 

Rioux, P. & NaKACHB, J. P, 1979. Discriminant analysis: 
methods and program. Computer Programs in Bromedicme, 
10, 43-47. 

RorTE, H. E 1979. Zur Anwendung der computergestützten 
Róntgendiagnoetik ın der Onkologie Archis für 
Geschwulstforschung, 49, 347—350. 

SCHOLMAN, H. J., PFANKUCH, F., IGLESIAS, J. & BRINNEL, CE., 
1984. Microcomputer als Hilfsmittel in der zytologischen 
Diagnostik bel Erstellung von Befundbenichten. Verhandlung 
der Deutsche Gesellschaft fur Pathologie, 68, 428. 

SCHREIBER, D., JÁNISCH, W. & GrRLACH, H., 1982. Tumours in 
infancy, childhood and adolescence. In Tumours of the 
Central Nervous System in Infancy and Childhood. Ed. by D. 
Vogt, P Gutjahr & C. Langmaid (Springer-Verlag, Bertin), 
pp. 62-68. 

TEATHER, D., Momron, B. A, Du Boulay, G. H., WLIS, 
K. M., PLUNMER, D. & IuNocENT, P. R, 1985. Computer 
assistance for CT scan interpretation and cerebral disease 
diagnosis. Statistics in Medicine, 4, 311—315. 

Wiis, K., Du Bouiay, G. H. & TrATHER, B., 1981. Initial 
findings in the computer-aided diagnosis of cerebral tumours 
using CT scan results. British Journal of Radiology, 54, 
948—952. 

Wiis, K, TrATHER, D & Du Boulay, G. H., 1982. An 
mprovement in computer-aided diagnosis of meningiomas 
after CT. Neuroradiology, 22, 255—257. 


SEPTEMBER 1986 


Nuclear cardiology: a comparison of equilibrium gated blood 
pool and gamma camera first- pass measurements for the 
assessment of left-ventricular regional wall motion 

By D. N. Taylor, Ph.D., S. Choraria, M.R.C.P., *J. Mills, B.Sc., J. Flint, M.R.C.P., J. A. McIntosh, 


B.Sc. and J. Pilcher, F.R.C.P. 


Departments of Medical Physics and Cardiology, Walsgrave Hospital, Coventry 


( Received November 1985) 


ABSTRACT 

There are two major problems remaining for the successful 
assessment of left-ventricular regional wall motion (RWM) 
using nuclear cardiology. These are as follows. Which 
technique should be used: first pass or equilibrium? Secondly, 
which views should be used to give full information about the 
RWM of the left ventricle? This paper specifically considers 
each of these questions and concludes that equilibrium blood 
pool imaging in both the right anterior oblique and left 
anterior oblique projections is currently the best option. 


There are now two established nuclear cardiology 
techniques for the assessment of left-ventricular (LV) 
function. Multiple-gated equilibrium studies have been 
used with conventional gamma cameras since the late 
"70s (Folland et al, 1977). To calculate left-ventricular 
ejection fraction (LVEF) and to visualise regional wall 
motion (RWM) in the antero-septal and postero-lateral 
segments of the left ventricle, the left anterior oblique 
(LAO) 45^ viewing direction is used, which gives clear 
separation of the ventricles. To visualise RWM in 
antero-lateral and postero-septal segments of the left 
ventricle there is no viewing direction which gives a 
clear view of the LV segments. Various viewing 
directions have been proposed. These include the 
anterior view (Pichler, 1978), the right anterior oblique 
(RAO) view (Harris et al, 1981), the left lateral view 
(Kelly et al, 1981) and the left posterior oblique (LPO) 
view (Winzelberg, 1980). Logistics dictate that some 
choice must be made to determine the correct 
complementary view to the LAO view. 

The other radionuclide technique is to use the first 
passage of radionuclide through the heart and, thus, 
temporally separate the cardiac chambers. This has 
worked extremely well with the high count-rate 
capability multicrystal device, the autofluoroscope 
(Dymond et al, 1979), and has been proposed for the 
conventional gamma camera (Pachinger et al, 1979). 
However, the technique has not found widespread 
acceptance and the probable reasons for this lie in the 
limited. count-rate capability of conventional gamma 
cameras (Taylor, 1981). With the advent of high count- 
rate capability gamma cameras, the first-pass methods 
*Now at Department of Medical Physics, Clatterbridge 
Hospital, Liverpool. 
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should prove more useful, but to date no published 
series exist for the evaluation of LV RWM using this 
technique with modern gamma cameras. 

In the present study, RWM assessment from high 
count-rate first-pass and multiview equilibrium studies 
have been validated against X-ray ventriculography. 


PATIENTS AND METHODS 

Twenty-one unselected patients who had undergone 
contrast ventriculography for the assessment of 
ischaemic heart disease (18), valvular disease (three), or 
heart failure (13) were investigated by radionuclide 
ventriculography within 5 days of catheterisation. The 
21 patients represented a full range of cardiac function, 
from an LVEF of 16% with high RWM abnormality 
score to an LVEF of 62% with only minor RWM 
abnormality score. Only one patient had an entirely 
normal left ventricle on X-ray ventriculography. Each 
patient had a 30° RAO first-pass study followed by 
equilibrium blood pool imaging in the LAO, RAO and 
LPO projections. 

Single-plane (30° RAO) contrast ventriculography 
was performed using standard methods. The resulting 
angiograms were visually assessed by two experienced 
observers. The left ventricle was divided into five 
segments and RWM visually assessed for each segment. 
In the RAO view the five segments of the left ventricle 
were proximal antero-lateral, distal antero-lateral, 
apical, distal diaphragmatic and proximal diaphrag- 
matic. A five-point movement scale was used for visual 
assessment of RWM: 0, normal movement; 1, mild 
hypokinesis; 2, marked hypokinesis; 3, akinesis; 4, 
dyskinesis. 

Radionuclide first-pass studies were done in the 30° 
RAO projection. The gamma camera used was the 
Elscint Apex. The 10% loss count rate was measured at 
40 kcounts/s and the maximum count rate at 
75 kcounts/s, with scatter. The count rates obtained 
during LV passage were around 50 kcounts/s from an 
injected dose of 700 MBq of ??Tc" in the form of 
pertechnetate. No special bolus technique was used but 
the bolus quantity was checked and was comparable 
with published data (Lane et al, 1971). The FWHM of 
the injection bolus at superior vena cava passage was 
3.9 t 1.5 s. 
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Fia. 1. 
Interobserver variability. X-ray 
contrast veatriculography. Per- 
centage agreement within one 
grade of motion between two 
observers. Segments (in this and 
following figures) (a) proximal 
antero-lateral, (b) distal antero- 
lateral, (c) apex, (d) distal 
diaphragmatic, (e) proximal 

diaphragmatic. 





Equilibrium gated blood pool acquisitions were done 
in the 30° RAO, 45° LAO (modified) and 45° LPO 
projections. Data were acquired for 24 frames per heart 
cycle, and not less than 20000 counts total in the left 
ventricle per frame were acquired. Typically, the 
acquisition took 6-10 min. Prior to visual assessment 
the data were smoothed up to twice using a standard 
binomial nine-point filter. 

The radionuclide results for the RAO and LPO 
projections were assessed by two experienced observers 
using the same five regions of the LV and the same five- 
point scale of motion as the contrast ventriculograms. 
Cine display of the real-time heart cycles was used at 
the visual assessment. For all assessments the patient 
data were presented to the observers in a randomused 
way so that they had no knowledge of the patient 
details. 


RESULTS 
The interobserver variability for X-ray contrast 
ventriculograms was obtained from the two indepen- 
dent observers’ results. For each of five segments in 21 
patients the observers’ scores were compared. Agree- 
ment to within less than or equal to one unit on the 
five-point motion scale was chosen as an acceptable 
level of agreement. In all segments of the left ventricle 
in all patients there was agreement to within one point 
between the observers. This is shown diagrammatically 
in Fig. 1. 
The interobserver variability for radionuclide first 
was evaluated for the same five LV segments in 
the 30° RAO view. For two patients out of the 21 the 
acquisition of the first-pass data failed and no 
reasonable results were obtained. The two observers’ 
scores were again compared and the percentage which 
agreed to within less than or equal to one on the five- 
point motion scale was calculated. These are shown in 
Fig. 2. 


100% 





Fig 2. 
Interobserver vanability: radio- 
nuclide first-pass. Percentage 
agreement within one grade of 
motion between two observers. 


95% 





Fig. 3. 
Interobserver variability: radio- 
nuclide equilibrium RAO. Per- 
peg centage agreement within one 
grade of motion between two 

obeervers. 


Interobserver variability for equilibrium gated blood 
pool acquisitions in the RAO view are shown in Fig. 3 
and for the LPO view in Fig. 4. 

Another index of interobserver variation is obtained 
by calculating the mean difference per segment between 
the observers on the scale of zero to four A mean value 
of zero would indicate no difference; a mean value of 
four would indicate very discrepant assessment between 
the two observers. The mean value of the observer 
difference per segment was 0.25 for the X-ray contrast 
ventriculography, 0.47 for radionuclide first pass, 0.51 
for radionuclide equilibrium RAO and 0.67 for the 
radionuclide equilibrium LPO view. 

The results of the RWM assessment for each of the 
five segments by each method are given in Table I. The 
mean of tbe two observers is used for the RWM score 
for any particular segment. 

For each of the radionuclide studies the difference 
between the RWM score and the RWM score for X-ray 
contrast ventriculography was assessed. Firstly, the 
percentage of segments where the scores were agreed to 
less than or equal to one unit (on a five-point scale) was 
assessed. Secondly, the mean difference per segment 
between the observers was calculated. (This was the 
same analysis as was done for interobserver variability.) 

For first-pass radionuclide studies the percentage of 
similar RWM scores for each segment is seen in Fig. 5. 
The highest agreement is seen in the proximal antero- 
lateral segment, where in 79% of cases (15 out of 19) 
there is not more than one unit difference between first- 
pass radionuclide and X-ray contrast ventriculography. 
The worst agreement is seen at the apex, where only in 
53% of cases (10 out of 19) is there similarity of RWM 
score. This level of agreement is far poorer than the 
interobserver variabilities for either X-ray contrast 
ventriculography or radionuclide first pass. 

The mean difference per segment between X-ray 
contrast ventriculography and radionuclide first-pass 
scores was 0.82, averaged over all five segments. 


71% 


100% 
Fia, 4. 
81% Interobserver variability: radio- 
nuclde equibbnum LPO. 
Percentage agreement within 
90% one grade of motion between 
90% two observers. 
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For radionuclide equilibrium studies in the LPO view 
of cases show similar RWM scores. The poorest 


TABLEI 
RBGIONAL WALL MOTION SCORES POR EACH OF FIVE SBGMENTS OF THE LEFT VENTRICLE POR POUR METHODS 
Case 


(d) (e) 


(c) 


Assessment of left-ventricular regional wall motion 


For radionuclide equilibrium studies in the RAO 30? interobserver variation for the techniques. 
view, the percentage of similar RWM scores for each The mean difference per segment between X-ray 


(b) 


Region 


(a) 


segment is seen in Fig. 6. The highest agreement is seen contrast ventriculography and radionuclide equilibrrum 
Method* 


in the proximal antero-lateral and apical segments, RAO scores was 0.56, averaged over all five segments. 


where 95% (20 out of 21) of cases show similar RWM 


scores. The worst agreement is in the proximal the percentage of similar RWM scores for each segment 


diaphragmatic segment, where 81% (17 out of 21) of is seen in Fig. 7. The highest agreement is seen in the 
cases show similar RWM scores. This level of distal diaphragmatic segment, where 90% (19 out of 21) 


agreement between the two techniques is similar to the 
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*X = X-ray contrast ventriculography, FP = first-pass radionuclide, ER = equilibrium gated RAO view, EL = equilibrrum gated 


LPO view. 
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Agreement between radio- 
nuclide first-pass and X-ray 
contrast ventriculography. Per- 
centage agreement within one 
grade of motion between two 
techniques. 





agreement is seen in both the proximal and distal 
antero-lateral segments, where 76% (16 out of 21) of 
cases show similar RWM scores. This level of 
agreement is worse than the interobserver variability for 
either technique. 

The mean difference per segment between X-ray 
contrast ventriculography and radionuclide equilibrium 
LPO scores was 0.72, averaged over all five segments. 


DISCUSSION 

We have used visual assessment of X-ray contrast 
ventriculograms as the gold standard against which the 
radionuclide RWM was assessed. This is because this 
technique represents the currently accepted method of 
choice in cardiology. Certainly, we found that it has a 
low interobserver variability (Fig. 1). Also, between two 
independent observers the mean difference in RWM 
score averaged over the five segments was 0.25 (Table 
II). With a five-point motion scale used to assess RWM, 
this average difference of 0.25 of one unit represents 
very good agreement between the two observers. 

The choice of radionuclide technique has previously 
been equilibrium gated blood pool, since the count rates 
obtained during first passage have exceeded the 
capabilities of conventional gamma cameras. With the 
advent of high count-rate performance gamma cameras, 
first-pass studies appear most attractive for the 
complementary view to the equilibrium LAO view. We 
have shown that the interobserver variability of the 
first-pass studies is acceptable, with two observers 
finding similar RWM scores in about 95% of cases. 
(The variability is slightly better at the proximal antero- 
lateral wall and slightly worse at the apex.) However, the 
agreement between radionuclide first-pass and X-ray 
contrast ventriculography RWM scores is not good 
(Fig. 5), agreement occurring in only about 68% of 
cases (varying from 79% at the proximal antero-lateral 
segment to 53% at the apex). This is also seen in the 


Fic. 6. 


Agreement between radio- 
nuclide equilibrium RAO and 
X-ray contrast ventriculo- 
graphy. Percentage agreement 
within one grade of motion 
between two techniques. 








Fic. 7. 
Agreement between radio- 
nuclide equilibrium LPO and 
X-ray contrast ventriculo- 
graphy. Percentage agreement 
within one grade of motion 
between two techniques. 


average difference score per segment of 0.82 averaged 
over the five segments. This is considerably higher than 
the mean interobserver variabilities of 0.25 per segment 
for X-ray contrast ventriculography or 0.47 for 
radionuclide first pass (Table 1). 

Equilibrium gated blood pool studies have previously 
been used for assessment of RWM in the left ventricle. 
Many authors have used the RAO 30° view to 
complement the LAO 45° view (Brady et al, 1979; 
Harris et al, 1981). Our findings would confirm this. 
We used a 30° RAO projection from a slant-hole 
collimator placed adjacent to the chest wall. A 
consideration of imaging geometry would support the 
view that there would be little. difference between the 
anterior view and a 30° RAO view. A small advantage 
for the 30° RAO view is that it is more nearly 
orthogonal to the LAO 45^ view. The interobserver 
variability for the equilibrium RAO view is good, with 
two observers finding similar RWM scores in about 
92% of cases (varying from 95% to 80% depending on 
the LV segment considered). The agreement with X-ray 
contrast ventriculography is good, the two techniques 
giving similar RWM scores in about 89% of cases 
(varying from 95% at the proximal antero-lateral and 
apical segments to 81% in the proximal diaphragmatic 
segment). This is very similar to the interobserver 
figures and shows high accuracy for RWM assessment 
with the equilibrium RAO 30° view. The mean 
difference per segment in the RWM scores from the two 
techniques is 0.56, which, again, is not significantly 
different from the interobserver variation for the 
techniques. We have used a level of agreement of less 
than or equal to one point on a five-point scale. It is 
interesting to note that if the agreement criterion is 
made more demanding (Le. exact agreement in the 
RWM score from the two techniques) the present 
findings are very similar to those of Harris et al (1981). 





TABLE H 
INTEROBSERVER AND INTERMETHOD DIFFERENCES: MEAN 
DIFFERENCE PER SEGMENT 
Interobserver — Intermethod 
difference difference 
X-ray ventriculography 0.25 ni 
Nuclear firs: pass 0.47 0.82 
Nuclear equilibrium RAO 0.51 0.56 
Nuclear equilibrium LPO 0.67 0.72 
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They showed exact agreement in RWM scoring in 66% 
of LV segments (varying from 72% at the apex to 56% 
in the distal diaphragmatic segment). The present work 
shows exact agreement in RWM scoring in 64% of LV 
segments (varying from 86% at the proximal antero- 
lateral segment to 48% at the proximal diaphragmatic 
segment). 

Previous authors (Brady et al, 1979; Harris et al, 
1981) correctly draw attention to the problems of using 
the RAO view caused by right-ventricular (RV) overlap. 
This makes identification of RWM along the diaphrag- 
matic surface of the left ventricle less reliable. Our 
findings confirm that RWM is less reliably assessed in 
the diaphragmatic segments than in the antero-lateral 
segments, but clearly show that the level of accuracy is 
adequate. Comparison of proximal diaphragmatic 
RWM shows agreement to within one scoring point in 
90% of cases. 

We have not found the LPO view helpful. It has poor 
interobserver variability. (Fig. 4). Agreement between 
the two observers occurs in about 86% of cases, but this 
is particularly poor at the proximal segments where 
agreement between the observers falls to 71% and 81%. 
The average interobserver difference per segment of 
0.67 is the worst of any of the techniques used. The 
agreement with X-ray contrast ventriculography is also 
poor, with agreement of RWM scores in about 8294 of 
cases (varying from 90% in the distal diaphragmatic 
segment down to 76% in the antero-lateral segments). 
The mean difference per segment for the RWM scores 
from the two techniques is 0.72. This level of 
disagreement for the RWM scores between the two 
techniques is significantly worse than the RAO 30° 
method (0.56) but better than the first-pass method 
(0.82). 

It is important to recognise that the inaccuracies of 
the different nuclear techniques compared with X-ray 
ventriculography arise from different sources. 

In the 30° RAO equilibrium gated technique the 
problem is one of right-ventricular overlap, so that the 
recognition of LV abnormalities is modified by 
overlying RV RWM. This can be seen to some extent 
from the data given in Table I. Six out of 42 
diaphragmatic segments show a difference between X- 
ray ventriculography and radionuclide investigation of 
greater than one scoring point. In all six, X-ray 
ventriculography shows a more severe RWM abnor- 
mality. 

In the LPO equilibrium gated view the problem ts 
still one of RV overlap (though now the right ventricle 
lies distal to the left), compounded by a greater distance 
between the camera and the heart. 

In the RAO 30° first-pass technique, the inaccuracies 
between X-ray ventriculography and radionuclide 
ventriculography arise for different reasons. These 
would include lack of counts, incomplete mixing, poor 
bolus quality and so on. As shown in Table I, two 
studies out of 21 yielded unsatisfactory data and were 
rejected. The poorest agreement between radionuclide 
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and X-ray ventriculography is at the apex of the left 
ventricle. This would support the findings of Walton 
et al (1983), that the left ventricle is a poor mixing 
chamber and pools of relative stasis exist at the apex of 
both normal and abnormal ventricles. 

First-pass and equilibrium radionuclide ventriculo- 
graphy have different sources of error. The findings 
presented in this paper serve only to show how each 
method compares with the accepted gold standard, X- 
ray ventriculography. 

We believe that the best view to complement the 
accepted LAO 45° view is the RAO 30° view. 


Furthermore, we believe that equilibrium techniques are 


satisfactory and that first-pass studies do not add 
significantly to the results obtained. The use of more 
esoteric views, such as the LPO view, in equilibrium 
gated studies should be discouraged. 
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Oncologic Imaging. Ed. by D. G. Bragg, P. Rubin and J. E. 
Youker, pp. vi-c-644-rindex, 1985 (Pergamon Press, New 
York), $125 (approx. £90). 

ISBN 0-08—033653-1 

This large and impressive book with its 27 authors (in addition 
to the three editors) is held together by a rigid aherence to a set 
format in which each of the anatomically divided chapters 
making up the body of the book is laid out in a set pattern: an 
introduction, a section on tumour behaviour and pathology, 
the local pattern of spread, classification and staging, imaging 
procedures and assessment (complete with flow charts and a 
table of staging capability and cost-benefit ratio), imaging 
strategies and decisions, treatment decisions, the impact of 
new technology, and references. The book also has initial chapters 
on the staging and classification. of cancer and imaging 
strategies and four chapters at the end on paediatric oncology, 
computed tomography and treatment planning, interventional 
radiology in the diagnosis and management of cancer patients, 
and the impact of future technology. 

Webster's dictionary defines oncology as "the study of 
tumors", but this book confines itself very largely to 
malignant tumours. In the head and neck, for instance, there is 
no mention of angiofibromas nor of inverting papillomas of 
the nose, both oncologic entities of interest in the region. The 
rigid format imposes a pattern of repetition which becomes 
tedious since each author has to ponder on the possible impact 
of magnetic resonance and digital vascular imaging, while few 
talk about the effects of clinical signs and biochemical tests on 
patterns of investigation, and radiological signs are at a 
premium, presumably because they do not fit into the 
framework. In a book so fearful of being behind the times the 
absence of mention of ultrasound in prostatic and rectal 
carcinomas or of Doppler in the breast strikes an interesting 
note. 

The quality of production is superb and few errors appear. 
Figures A and B on page 168 are reversed, and "complement" 
is wrongly spelt several times. The book is an enormous 
compendium of knowledge which will find its place on the 
shelves of diagnostic X-ray departments in oncological and 
radiotherapy centres as a reference source, but does not lend 
itself to easy or casual reading. 

W. D. JEANS 


Progress in Clinical and Biological Research Vol. 24. Human 
Markers and Their Significance. Ed. by T. Dao, A. Brodie and 
C. Ip, pp. xu+ 140-- index, 1986 (Alan R. Liss, New York), 
£28.00. 

ISBN 0-8451—5054-5 

This slim volume consists of the proceedings of a workshop 
held in Spring 1985. There is no doubt that there are many 
possible tumour markers for clinical use in breast cancer. The 
problem for the jobbing oncologist is to sort out which, if any, 
he should be routinely using in his practice. We are now in the 
monoclonal age and this is reflected clearly in the proceedings 
of the workshop. 

The excellent introductory chapter by Ceriani discusses the 
role of circulating mammary epithelial antigens as markers in 
this disease. The concept that antibodies raised against normal 
milk-fat globule membranes can be of any use in detecting and 
measuring tumour load in a patient is, at first sight, surprising. 
However. there is no doubt that these epithelial antigens are 
elevated in the serum of patients and can prove helpful under 
certain circumstances, Several longitudinal studies clearly show 
a good relationship with disease progress with these markers. 
Glycosyl transferases are shed by many tumours and cause 
considerable changes in serum proteins. These are considered 
in severa) further chapters, although the true clinical role of 
their measurement is as yet not clear. There are several 
accounts of biochemical epidemiology of steroid metabolites. 
The concept that a biochemical pattern of metabolites could be 
used to identify those patients at risk from developing breast 
cancer has been extensively studied, although so far no clinical 
benefit is apparent. 

Unfortunately, the standard of the chapters varies consider- 
ably. Some contain new information while others are rehashes 
of previcusly published data. Furthermore, camera-ready 
manuscripts are irritating to the reader; in a world of 
computersation, it should not take much effort at least to co- 
ordinate the use of a single typeface. The book provides a 
reasonable summary of the current status of this specialised 
area and should find a niche in the oncology department's 
library. 

KAROL SIKORA 
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The importance of radiolabelling human granulocytes with 
""'In-tropolonate or ''In-2-mercaptopyridine-N-oxide in 
plasma containing acid-citrate-dextrose 


By Heather J. Danpure, Ph.D. and Safiye Osman, M.Sc. 
MRC Cyclotron Unit, Hammersmith Hospital, London W12 OHS 


( Received November 1985) 


ABSTRACT 

When blood cells are radiolabelled in plasma, for example with 
tU'[n-tropolonate, the plasma always contains an anti- 
coagulant, usually acid-citrate-dextrose (ACD) or heparin. 
The effect of ACD and heparin on the labelling efficiency (LE) 
and optimum concentration of ligand required to radiolabel 
human granulocytes in plasma with !''In-tropolonate or 
!!!In-2-mercaptopyridine-N-oxide  (!!'In-merc) has been 
measured. The concentrations of ligand (tropolone or merc) 
required. for maximum cell labelling in. plasma containing 
ACD were 4 x 1074 M tropolone and | x 107 * M merc, whereas 
using plasma containing heparin, the optimum concentrations 
were 10-fold higher, at 4 x 10^? M and 1 x 107? M respectively. 
At the optimum ligand concentrations, the LE for 1x 108 
granulocytes labelled in plasma containing ACD was 90% 
using '''In-tropolonate and 82% using !''In-mere, whereas 
using plasma containing heparin they were 68% and only 
20%, respectively. Addition of ACD to heparinised plasma 
abolished the necessity for more ligand and increased the LE 
to the same values as those for plasma containing ACD alone. 
These results clearly demonstrate that to obtain a high LE 
using the lowest possible concentrations of tropolone or merc, 
the granulocytes must be labelled in plasma containg ACD. 


Many hospitals in the UK now radiolabel human 
leucocytes with !!! In-tropolonate in plasma rather than 
with !!! In-oxinate or !!!In-acetylacetonate (!!!In-acac) 
in saline or buffer because clinical studies have shown 
that labelling leucocytes in plasma is preferable to 
labelling them in saline (Peters et al, 1983; Saverymuttu 
et al, 1983; McAfee et al, 1984). The procedure that 
was developed for radiolabelling human leucocytes in 
plasma with '''In-tropolonate (Danpure et al, 1982) 
used acid-citrate-dextrose (ACD) to anticoagulate the 
blood, and plasma containing ACD as the labelling 
medium. But heparin is also widely used to 
anticoagulate blood, in which case plasma plus heparin 
would be used as the labelling medium. This paper 
reports the effect of labelling human granulocytes with 
!!!fn.tropolonate and  !''In-2-mercaptopyridine-N- 
oxide ('''In-merc) in plasma containing heparin and 
compares the results with those using plasma containing 
ACD. The optimum concentrations of ligand (tropolone 
or merc) required for cell labelling, the labelling 
efficiency (LE) and the stability of the !'!In in the 
labelled granulocytes were measured. 
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MATERIALS AND METHODS 
Cell separation 
Fresh human venous blood from healthy volunteers 
was anticoagulated with either heparin. sodium 
(mucous) at 15 IU/ml or ACD NIH Formula A (1.5 
volumes of ACD to 8.5 volumes of blood). Cell-free 
plasma for labelling the cells was obtained by 
centrifuging a portion of the blood at 2000g for 10-15 
min. "Crude" leucocytes were isolated from blood 
anticoagulated with ACD as previously described 
(Danpure et al, 1982) except that hydroxyethyl starch 
(Plasmasteril) was used instead of dextran. 
Granulocytes were isolated from "crude" leucocytes 
using a modification of the two-step discontinuous 
Percoll-saline density gradients previously reported 
(Saverymuttu et al, 1983). The gradients contained 2 ml 
aliquots of 80% and 65% v/v isotonic Percoll in saline 
and were centrifuged at 400g for 5 min. 


Cell labelling 

Determination of optimum ligand | concentrations. 
1x10’ granulocytes in 0.9 ml aliquots of plasma 
containing ACD or heparin were labelled for 15 min at 
37°C ^ with O.l mt  !!'In-tropolonate containing 
18.5 kBq (0.5 pCi) !!!In and 10^! to 4x10^*« 
tropolone (Fluka) or 10^ ! to 107 * M2-mercaptopyridine- 
N-oxide (sodium salt, Fluka) in Hepes-saline buffer, pH 
7.6. 1x 107 granulocytes were also labelled in 0.9 ml 
plasma containing both ACD and heparin at the same 
concentrations as those used to anticoagulate the blood. 
After labelling, the granulocytes were washed twice with 
9 ml isotonic saline by centrifugation at 100g for 5 min. 
The activity in the cells and supernatants was measured 
and the LE calculated. 

Labelling efficiencies. To determine the effect that the 
anticoagulant would have on the LE in a clinical 
situation, 1x 10? granulocytes were labelled as des- 
cribed above in I ml plasma containing ACD or 
heparin with '''In complexed to the appropriate 
optimum concentration of tropolone or merc. 

Stability of the !'!In on the labelled cells. 
Granulocytes that were labelled with the optimum 
concentrations of tropolone or merc were washed free 
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of unbound '!'In and resuspended in | ml cell-free 
plasma containing ACD or heparin and incubated for 
| h at 37°C to measure the amount of !!! In eluted from 
the labelled celis. 

RESULTS 

Figure | shows that the optimum concentration of 
tropolone for labelling granulocytes with '''In- 
tropolonate in plasma plus heparin was 4 x 10^? M, 10 
times greater than the 4 x 10^* M required for optimal 
labelling of granulocytes in plasma containing ACD. 
There was a similar 10-fold difference in optimum 
ligand concentration using '''In-merc. The optimum 
concentration of merc using plasma plus heparin was 
1 x 107? M compared with 1 x 1074 M using plasma plus 
ACD. However, when granulocytes were labelled in 
plasma containing both heparin and ACD, the 
optimum concentrations of tropolone and merc were 
the same as those for plasma plus ACD, namely 
4x10^* M tropolone and | x 10^ * M mere. 

Besides the difference in the optimum ligand 
concentrations in the two labelling media, there was 
also a difference in the amount of !!'In incorporated by 
the cells. With each of the two '''In-complexes, the LE 
in plasma plus heparin was much lower than that in 
plasma plus ACD. In a given medium '''In- 
tropolonate always gave a higher LE than !'!'In-merc. 


" In- tropolonate 


Labelling Efficiency (4) 


0 


.00001 .0001 001 —— 01 


Tropolone concentration ( M) 


TABLE I 
EFFECT OF ANTICOAGULANT ON THE OPTIMUM LIGAND 
CONCENTRATION AND LE ror | x 10? GRANULOCYTES LABELLED 
IN | ML PLASMA WITH '!!IN-TROPOLONATE OR |?! IN-MERC 





Ligand Labelling medium 
Plasma + ACD Plasma + heparin 
Optimum LE Optimum LE 
ligand ligand 
concentration concentration 
(M) (M) 
Tropolone 4x 1074 90% 4x 107? 68% 
Merc [x 1074 82% Ix 107? 20% 





The effect that ACD and heparin would have on LE 
in a clinical situation is shown in Table I. With both 
liiin complexes there was a much higher LE when 
1x 108 granulocytes were labelled in | ml plasma 
containing ACD than in I ml plasma containing 
heparin. 

Despite the differences in optimum ligand concentra- 
tion and LE between plasma containing ACD and 


111 
In- merc 


0000! .0001 


Merc concentration 


.001 .01 
(M) 


Fic. f. 


The effect of ACD and heparin on the concentration of tropolone and mere required to label 1 x 10" granulocytes with !''In- 
tropolonate and '!'!In-merc in plasma plus ACD (Wl) and plasma plus heparin (69). 
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plasma containing heparin, the stability of the !!'In in 
the granulocytes was the same in the two labelling 
media, provided that the cells were labelled with the 
appropriate optimum concentrations of tropolone or 
merc. In all cases, less than 3% of the !'!'In was 
released during I h of incubation in cell-free plasma. 
The amount of '''In released was unaffected by 
whether the labelled cells were incubated in plasma plus 
ACD or plasma plus heparin. 


DISCUSSION 

This paper shows the importance of radiolabelling 
human granulocytes with !''In-tropolonate or ''!In- 
merc in plasma that contains the anticoagulant ACD. 
Plasma containing ACD was preferable to plasma 
containing heparin as the cell-labelling medium because 
a 10-fold lower concentration of ligand (tropolone or 
merc) was required for maximum uptake of '!!!In when 
the plasma contained ACD than when it contained 
heparin. The optimum concentrations were 4x 10 * M 
tropolone and 1x10 *Mw merc when the plasma 
contained ACD, but 4x10^?^M tropolone and 
1 x 107? M mere when it contained heparin. Also the 
LE was much higher when the plasma contained ACD 
than when it contained heparin. For example, 1 x 10° 
granulocytes labelled in I ml plasma with '!'In- 
tropolonate gave an LE of 90% when the plasma 
contained ACD, but only 68% when it contained 
heparin. The differences were even greater using '''In- 
merc, where an LE of 82% was obtained using ACD 
but only 20% using heparin. 

Besides the beneficial effect of ACD on cell labelling, 
Peters et al (1986) also found that ACD prevented the 
aggregation of human leucocytes when they were isolated 
from whole blood, whereas heparin did not. They 
therefore recommend that ACD be used to 
anticoagulate blood, irrespective of whether the 
leucocytes are subsequently labelled in plasma or in a 
plasma-free medium. Others (Coleman et al, 1980; 
Goodwin et al, 1980) have, however, reported no 
difficulties in labelling leucocytes in saline or buffer 
from blood anticoagulated with heparin. 

Of the three initial studies which reported the use of 
H![n-tropolonate as a cell-labelling agent, only two 
(Dewanjee et al, 1981; Danpure et al, 1982) reported 
that it would label blood cells in plasma. In both of 
these studies the cells were labelled in plasma 
containing ACD. In the third study, Burke et al (1982) 
failed to label leucocytes with '''In-tropolonate in 
plasma containing heparin. This was probably because 
the optimum concentration of tropolone for labelling 
cells in plasma containing heparin is 100-fold greater 
than that required to label cells in buffer (Dewanjee 
et al, 1981; Burke et al, 1982; Danpure & Osman, 
1984). Even when the optimum concentration of 
tropolone is used, the LE in plasma containing heparin 
is much lower than it is in plasma containing ACD, as 
shown in this paper. 

The mode of action of ACD and heparin on the 
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uptake of !!!In-complexes into leucocytes incubated in 
plasma is not known. Thakur et al (1985) found that 10 
times more merc was required to label leucocytes in 
plasma containing heparin, and thought that the merc 
and heparin had reacted to form a disulphide which 
could not bind metal ions. Although this may explain 
our results with merc, it does not explain those with 
tropolone, because tropolone does not contain any 
sulphur atoms. It does not, however, rule out a different 
interaction between heparin and tropolone. But heparin 
could equally well exert its effect by reacting with '''In, 
the '''In-complex, the plasma constituents or directly 
with the cells. Whatever the mechanism, the effect of 
heparin on cell labelling was inhibited by ACD because 
the same results were obtained when leucocytes were 
labelled in plasma containing both ACD and heparin as 
those in plasma containing ACD alone. 

From a clinical point of view, where the aim is to 
achieve a viable population of cells which have been 
labelled with a high LE using the lowest possible 
concentration of ligand, this paper clearly demonstrates 
that human leucocytes should be labelled with '!!In- 
tropolonate or '''In-mere in plasma containing ACD, 
not in plasma containing heparin. 
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Positron Emission Tomography and Autoradiography: 
Principles and Applications for the Brain and Heart. Ed. by 
M. E. Phelps, J.C. Mazziotta and H.R. Schelbert, pp. 
xi1+690, 1986 (Raven Press, New York), $98.50 (approx. 
£66.00). 

ISBN 0-88167-118-5 

The major characteristic of this book which differentiates it 
from previous texts on positron emission tomography (PET) is 
the standard of technical information given in each section 
over and above the normal descriptive methods relating to the 
use of PET in medicine. The book covers in great detail the 
basic physiology of the brain and the heart and describes both 
autoradiographic and PET applications in the study of these 
organs. 

Two chapters on cerebral circulation, metabolism and 
protein synthesis and coronary circulation describe in detail 
the biochemical functions of the brain and heart. There is 
much technical information, but these sections make very good 
reading for anyone wishing to study cerebra! or cardiac 
diseases. The chapters on receptors in the brain and 
myocardial metabolism are highly technical for the non- 
specialist, but give much of the basic background needed to 
understand how pharmaceuticals localise in the brain. and 
myocardium. There is an interesting chapter on single and 
multiple radionuclide autoradiography which gives a clear and 
comprehensible description. of the techniques and some 
descriptive information relating to the scanning systems and 
the accuracy obtainable. 

The section on PET principles and quantification is again an 
excellent, clear, and simple description of the physical 
technique of PET, sufficiently detailed for the physicist and 
probably comprehensible to others working in the field. The 
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discussion of tracer kinetic modelling used to determine the 
parameters obtained in PET studies related to brain and 
myocardial metabolism contains examples to show how the 
relevant parameters are arrived at and a subsequent section 
relates to the accuracy with which these parameters can be 
estimated. This part contains a simple exposition of statistics, a 
topic usually omitted from these texts. 

There are sections on positron-emitter labelled compounds 
and biochemical principles in radiopharmaceuticals which tie 
in well with the earlier chapters on receptors and metabolism. 
They provide an extensive reference for cyclotron-related 
pharmaceuticals and a good review of clinical strategies. The 
final two chapters in the book are more conventional to this 
kind of text, covering PET studies of the brain and the 
myocardium. However, the excellent quality and detail of the 
information highlights perfectly the value of PET and the 
images have survived the photographic process unusually well. 

The message of this book appears to be that physicians will 
understand more about brain and myocardial function from 
PET and autoradiography than from any other single 
technique presently available, including magnetic resonance 
imaging. It is hard to see, with the sensitivity that the latter 
possesses, the quantitative accuracy of PET being challenged 
in the near future and the spatial resolution now available is 
competitive with that obtained with current anatomical 
techniques, 

We highly recommend not only those working in the field, but 
those who would understand more of the function of the brain 
and the heart, to read this book. 


R. J. Orr 
J. BABICH 
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ABSTRACT 

Both Ro 03-8799 and misonidazole were administered to six 
patients before tumour sampling. Using similar doses, tumour 
concentrations. of Ro 03-8799 were approximately double 
those of misonidazole. Examination of the data with regard to 
the relative sensitising efficiencies of these two compounds 
gives us, as a conservative estimate, a factor of 1.6 in favour of 
Ro 03-8799, From these observations it is predicted that, when 
given with radiotherapy in a 25-fraction course Ro 03-8799, is 
likely to be at least five times more effective as a hypoxic cell 
sensitiser than misonidazole. 


In a programme of research directed to the introduction 
of an hypoxic cell radiosensitiser which could be given 
in a more effective dose than misonidazole, the Roche 
experimental drug, Ro 03-8799, was given to normal 
volunteers and then to patients in 1981 (Saunders et al, 
1982). The expectation of a more rapid urinary 
excretion and a shorter half-life of 5-6 h was attained. 
Evidence in six patients where tumour biopsies were 
performed confirmed the prediction that this basic 
compound would concentrate in tumour. 

Phase I studies of Ro 03-8799, performed at Mount 
Vernon and at Cambridge, showed that the dose- 
limiting toxicity was an immediate effect upon the 
central nervous system which gave rise to feelings of 
heat and malaise and which was associated with 
sweating. These effects, however, always completely 
subsided, leaving no persistent problem. An incidence 
of hypersensitivity skin reactions of approximately 12% 
has led to the drug being discontinued in these cases, 
but apart from this and occasional nausea, no other 
toxic effect has been observed (Roberts et al, 1984; 
Saunders etal, 1984). The peripheral neuropathy 
observed in patients given other nitroimidazoles such as 
misonidazole, desmethylmisonidazole, metronidazole 
and SR-2508, has not been detected in patients given 
Ro 03-8799, A dose limit of 1 g/m? of surface area 
has been set for dose administrations, which should be 
no more frequent than three times weekly, and 
0.75 g/m? of surface area for daily administration five 
times weekly. Extensive sampling of tumour and 
normal tissues at 10-25 min after administration has 
shown that tumour concentrations are, on the average, 
3.4 times greater than those in the plasma at the time of 
biopsy. Normal tissues show lower concentrations with 
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a mean of 1.9 times greater than those in the plasma, 
with the exception of the brain where the uptake is 
similar to that found in tumour (Roberts et al, 1984). 

The tumour concentrations achieved vary from case 
to case and from sample to sample. These variations 
can be related to the structure of the tumour sample 
being examined (Dische et al, 1977; Rich et al, 1981). 
Necrotic areas must be expected to show low 
concentration of drug; in addition, tumour samples 
contain, besides tumour cells, supporting connective 
tissue and adjacent tissues such as skin, mucosa and 
subcutaneous fat. These normal tissues have been 
shown to contain a lower concentration of Ro 03-8799 
(Saunders et al, 1984). The exact make-up of the sample 
sent for analysis is, therefore, important in the 
interpretation of the result obtained and our established 
practice with the sensitising drugs is to separate a 
portion of every specimen for histological study. 

It follows that only a limited credence can be given to 
an historic. comparison of tumour concentrations 
achieved in patients given a new sensitiser with those 
obtained previously when misonidazole was given. For 
this reason. when we investigated Ro 05-9963 as a 
radiosensitiser we gave it together with misonidazole 
before tumour sampling (Dische et al, 1981). We have 
now administered both misonidazole and Ro 03-8799 
to patients arranging the timing of the administration 
so that at the moment of biopsy the optimum intervals 
between administration and time for radiotherapy had 
elapsed for both drugs. 


METHOD AND MATERIALS 

Samples were obtained from six patients with 
advanced, recurrent or metastatic tumours. In two of 
three patients with carcinoma of cervix the primary 
tumour was biopsied while in the third a metastatic 
subcutaneous nodule was removed. A patient with 
carcinoma of the vulva underwent drill biopsy of an 
inguinal node. In one patient with malignant melanoma 
a subcutaneous metastasis was removed while in 
another an axillary node was sampled by drill biopsy. 

A capsule of misonidazole containing 500 mg was 
administered orally 3.5-4 h before time of biopsy and 
Ro 03-8799 in a similar dose of 500 mg was given 
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intravenously over a period of 5 min, starting between 
12 min and 24 min prior to biopsy. All the patients 
included gave their informed consent and, with these 
doses, no side-effects were observed. At the time of 
biopsy a blood sample was taken for plasma 
concentration and in most cases blood samples were 
taken subsequently to determine half-lives. The 
pharmacokinetics were comparable with the previous 
findings of a half-life of approximately lih for 
misonidazole and 5.5 h for Ro 03-8799. 


Techniques used for measurement of sensitiser 
concentration 

Samples were prepared for analysis in a manner 
similar to that described by Saunders et al (1982). Drug 
concentrations were determined by high-performance 
liquid chromatography (HPLC) using a method which 
can simultaneously determine both sensitisers and their 
metabolites, which will be described in detail elsewhere. 
In the earlier work of Saunders et al (1982), concentra- 
tions were expressed in the form of the free base, but 
subsequently we have given values in terms of the 
hydrochloride as this is the form in which the drug is 
administered and it is on this basis that all comparisons 
of relative efficacy have been made. 

major metabolite of misonidazole is Ro 05-9963 
(desmethylmisonidazole). As it is a radiosensitiser, the 
concentration has been added to that of misonidazole. 
Ro 31-0313, the N-oxide metabolite of Ro 03-8799, is 
inactive as a radiosensitiser and levels are not reported 
here. 

The histological quantification of the proportion of 
the different tissues present was made by a simple visual 
impression gained from an examination under the 
microscope of a section stained with haematoxylin and 
cosin. 


CASE REPORTS 
Case | 
This was a female aged 38 years with a surface area of 
1.43 m? and Stage DI anaplastic squamous carcinoma of the 
cervix. Biopeles of the cervix were performed. Misonidazole 
500 mg was given orally 3 h 56 min before tumour sampling. 


plese (mg/g) plesca 

Tomear Stroma Ro 05-9963 rato rato 

(%) w% (CS) o3/p 
l 75 20 5 9.9 0.66 178 3 02 
2 60 40 0 12.2 08I 16.8 2.85 
3 60 10 30 I8 4 123 253 4.29 
4 20 20 60 6.25 0.42 75 1.27 
5 10 30 60 2.87 019 28 0 47 
6 30 40 30 1.64 0.11 1.5 025 
7 0 0 100 0.2 — — — 
Miso = misonidazole 


Ro 03-8799 500 mg was given intravenously over 5 min, 
commencing 24 min before tumour sampling. Plasma con- 
centrations at time of tumour sampling were: 


Misonidazole 13.3 
Ro 05-9963 1.7 } 15.0 ng/ml 
Ro 03-8799 — 5.9 ug/ml 


Tumour concentrations are given in Table I. 

Seven "tumour" samples were analysed. One contained only 
necrotic debris and no appreciable concentration of either 
sensitiser. The first three samples contained a majority of 
tumour and showed the expected concentrations of 
misonidarole and Ro 03-8799 Samples 4, 5 and 6 contained 
considerable necrotic debris and concentrations of both drugs 
were lower, particularly with Sample 6. It seemed quite 
possible that in these specumens the small portion sent for 
histological study may not have been representative of the 
whole and that much of the material may have been totally 
necrotic. 


Case 2 

This was a female aged 63 years with a surface arca of 
1.64 m? and a poorly differentiated squamous-cell carcinoma 
of the cervix. Biopsies of cervix were performed. Misonidazole 
500 mg was given orally 3 h 38 min before tumour sampling 
and Ro 03-8799 500 mg was given intravenously over 5 min, 
commencang i5min before tumour sampling. Píasma 
concentrations at time of tumour sampling were: 

Misonkiazole 12.7 

Ro 05-9963 (3 | 140 pg/ml 

Ro 03-8799 6.1 ug/ml 
Tumour concentrations are given in Table N. 

Both samples of tumour appeared to contam a high density 
of tumour cells and the concentration of Ró 03-8799 was three 
times greater than that of misonidazole. A third specimen 
showed histologically only vaginal mucosa with m ritu 
carcinoma and, although the concentration of misonidazole 
was similar to that in the other two samples, that of Ro 03- 
8799 was considerably lower. 


Case 3 

This was a female aged 74 years with a surface area of 
1.46 m? and a poorly differentiated squamous carcinoma of 
the vulva. Drill biopsy of a node in the groin was carried out. 
Misondazole 500 mg was given orally 3h 55 min before 
tumour sampling and Ro 03-8799 500 mg was given intraven- 
ously over 5 min commencing 20 min before tumour sampling. 
Plasma concentrations at time of tumour sampling were. 


Misonidazole 15.1 
Ro 05-9963 17 j 16.8 pg/ml 
Ro 03-8799 6.1 ug/ml 


Tumour concentrations are given in Table III. 


Semple Hasoloqnoal assessment Maso 
yp 
Tamosr Stroma Necross Ro 05-9963 





rabo ratio 
(9 CO CO D 
122 — 08? 392 64 
2 90 10 — i135 — 096 404  — 66 
3 * 135 096 251 4.1 
Miso = misonidazole 


*Vaginal mucosa with b sity carcinoma. 
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TABLE Ili 
CASE 3: TUMOUR CONCENTRATIONS 





Sampe Histological assessment Miso Tissue’ Ro 03-8799 Tissue? 
RUNG OUEST DECEM. plasma (gig) plasma 
Tamour Stroma Necrosis Ro 05-9963. rano ratio 
(9) (59) — CA) (ugg) 

I 25 75 22.0 FSi. 25.2 4.1 

2. 3 98 73 043 18 030 





Miso = misonidazole. 


The material removed by drill biopsy showed much necrosis; 
one sample did contain about 25% tumour, but the other 
contained a few scattered tumour cells in otherwise necrotic 
material. In this latter specimen a very low concentration of 
both sensitisers was obtained. 


Case 4 

This was a female aged 54 years with a surface area of 
1.66 m* and a poorly differentiated squamous-cell carcinoma 
of the cervix. Biopsies of cervix were performed. Misonidazole 
500 mg was given orally 3h 43 min and 3h 50 min before 
tumour sampling. Ro 03-8799 500 mg was given intravenously 
over 5 min commencing 12 min and 19 min before tumour 
sampling. Plasma concentrations at time of tumour sampling 
were: 


Misonidazole 13.4 ! 13.4 | 
Ro 05-9963 12 14.6 pg/ml and 2f 14.6 ug/mi 
Ro 03-8799 14.0 ug/ml 9.8 ug/ml 


Tumour concentrations are given in Table IV. 

Stroma dominated in the histological sections of all four 
samples and tumour was not observed in two. Concentrations 
of Ro 03-8799 and “tissue’’/plasma ratios resembled those seen 
in normal tissues. 


Case 5 

This was a female aged 80 years, surface area 1.65 m*, with 
malignant melanoma. A subcutaneous metastasis was sur- 
gically removed. Misonidazole 500 mg was given orally 3h 
13 min before tumour sampling and Ro 03-8799 500 mg was 
given intravenously over 5 min commencing 15 min before 
tumour sampling. Plasma concentrations at time of tumour 
sampling were: 


Misonidazole 15.0 | TUN 
Ro 05-9963 11; ^" "E 
Ro 03-8799 6.8 ug/ml 


Tumour concentrations are given in Table V. 


TABLE IV 
CASE 4: TUMOUR CONCENTRATIONS 








Sample Histological assessment Miso Tissue; Ro 03-8799 Tissue/ 
LONGAM di eL * plasma (ugg) plasma 
Tumour Stroma Necrosis Ro 05-9963 ratio ratio 
(98) (9) a Gg) 

i* 10 90 13.6 0.93 26.2 1.87 

2t 100 13.8 095 18.1 1.85 

3+ 10 90 12.3 0.84 22.3 2.28 

4t 100 13.3 0.9] 21.3 2.17 





Miso = misonidazole. 
*Taken 12 min after Ro 03-8799 administration commenced, 
tTaken 19 min after Ro 03-8799 administration commenced. 
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TABLE V 
Case 5: TUMOUR CONCENTRATIONS 








Sample Histological assessment Miso Tissue) Ro 03-8799 Tissue; 
ia Sats E OISI UII ge te eee ee Mee plasma  (ug/g) plasma 
Tumour Stroma Necrosis Ro 05-9963 ratio rato 
(%4) (ar (%) (Hgg) 

l 100* 5.6 0.35 6.1 0.90 

2 100* 5.5 0.34 39 0.57 

3 |] » : f i 9, 2.85 

| 85 15 11.0 0.68 ! 4 85 

4 11.4 0.71 28.3 4.16 

5 100* 4.6 0.29 44 0.65 

Miso = misonidazole. 

* Adipose tissue. 

The excised subcutaneous metastasis of malignant 


melanoma showed a high concentration in a specimen which 
comprised 85% tumour cells. Three samples of subcutaneous 
fat contained only half the concentration of misonidazole and 
approximately a quarter of the concentration of Ro 03-8799 
when compared with the tumour samples. 


Case 6 

This was a male aged 67 years, surface area 1.75 m?, with 
malignant melanoma. A drill biopsy of the axillary node was 
performed. Misonidazole 500 mg was given orally 3 h 30 min 
before tumour sampling. Ro 03-8799 500 mg was given 
intravenously over 5 min commencing 15 min before tumour 
sampling. Plasma concentrations at time of tumour sampling 
were: 


Misonidazole 10.7 | [euam 
Ro 05-9963 0.9 | 19 HB 
Ro 03-8799 59 pg/ml 


Tumour concentrations are shown in Table VI. 

Only a small sample was obtained by drill biopsy of an 
axillary node in this second case of malignant melanoma. Tiny 
fragments sent for histological study showed fat only, but the 
main sample appeared, by naked eye examination, to be of 
tumour and the relatively high concentrations of Ro 03-8799 
would be compatible with this. 


The mean concentrations seen in the six cases where 
tumour was either confirmed histologically or, as in one 
case, considered clinically certain, are shown in Table 
VI. The mean of 0.9 seen with misonidazole is in the 
range of previous observations, though near its upper 
end when allowance is made for the inclusion of Ro 05- 
9963 levels (Dische et al, 1981). The tumour/plasma 
ratio of 3.8 for Ro 03-8799 is similar to that reported 
previously (Saunders et al, 1984). 


TABLE VI 
CASE 6: TUMOUR CONCENTRATIONS 





Sample Histological assessment Miso Tissue’ Ro 03-8799 Tissue/ 
HI IDCM MM DCN plasma (ug/g) plasma 
Tumour Stroma Necrosis Ro 05-9963 ratio ratio 
(5) CR) — C) gig) 

| 100 11.5 0.99 26.8 4.54 





Miso = misonidazole. 
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TABLE VII 
MEAN CONCENTRATIONS AND TUMOUR/PLASMA RATIOS IN SAMPLES CONTAINING TUMOUR 
Case No of Misonklazole Ro 03-8799 Ratio: 
samples Ro 03-8799/ 
In tumour Tumour/ In tumour Tumour/ misonidazole 
(ug/g) plasma (ug/g) plasma in tumour 
ratio ratio (ratio c : a) 
(a) (b) (c) (d) 
l 6 8.5 0.57 12.0 2.0 1.41 
2 2 12.9 0.92 39.8 6.5 3.10 
3 l 22.0 131 252 41 1.15 
4 2 13.0 0.91 24.3 2.4 1.87 
5 2 11.2 0.70 23.9 3:3 2.12 
6 I 11.5 0 99 26.8 4.5 2.33 
Mean 13.2 0 90 25.3 3.8 2.00 
DISCUSSION Previous discussions concerning the improvement in 


In this series of six patients with malignant tumours, 
four squamous-cell carcinomas and two malignant 
melanomas, the predicted pattern of tumour uptake for 
the two sensitisers has been demonstrated. Approxi- 
mately twice the concentration has been attained with 
Ro 03-8799 as with misonidazole in these patients who 
were given 500 mg of both drugs. 

We do not know whether tbe concentrations of 
sensitiser obtained in tumour reflect those in the 
hypoxic cells, but there is evidence that the critical 
population of the hypoxic, though potentially viable, 
tumour cells are sited in the histologically intact portion 
of the tumour, well clear of any area showing necrosis 
(Chapman et al, 1983). The drugs under study are freely 
diffusible and are likely to penetrate to such areas. 
Furthermore, it seems unlikely that there are differences 
related to the different sensitisers which could influence 
the comparative observations made. 


therapeutic ratio likely with Ro 03-8799 compared with 
misonidazole have considered tumour/plasma ratios 
and absolute tumour concentrations (Saunders et al, 
1984, Roberts et al, 1986). We now have measurements 
of tumour concentrations of both radiosenmtisers in the 
same tumour sample, greatly enhancing the validity of 
the comparison. 

Three factors need to be considered when comparing 
two  sensitisers, in this case Ro 03-8799 and 
mijsonidazole (Table VIII). 


(1) The tolerated doses for the radiotherapy regime 
which 1s to be employed. 

(2) The tumour concentrations achieved when the two 
drugs are given in equal doses. 

(3) The sensitising efficiencies. 


For misonidazole, the tolerable dose of 12 g/m? of 
surface area is determined by the cumulative toxicity, 


TABLE VIII 


A COMPARISON OF THE RELATIVE THERAPEUTIC RATIOS OF MISONIDAZOLE AND Ro 03-8799 TO BE EXPECTED WHEN GIVEN AS HYPOXIC 
CELL RADIOSENSITISERS IN FRACTIONATED RADIOTHERAPY 








10 treatments 25 treatments 
Miso Ro 03-8799 Miso Ro 03-8799 
1) Route oral LV oral LV 
2) Total permitted dose (g/m?) 12.0 100 12.0 18.75 
3) Dose per treatment (g/m?) 1.2 1.0 0 48 0 75 
4) Relative dose per treatment 1.0 0.83 1.0 1.56 
5) Relative concentrations achieved with equal doses 
(Table VII) 1.0 2.0 10 2.0 
6) Relative tumour concentrations which can be expected 
(row 4x row 5) 1.0 1.66 1.0 3.12 
T) Relative concentrations for equal efficacy* 1.0 1.6 1.0 16 
8) Relative therapeutic ratlo (row 6 x row 7) 1.0 2.7 1.0 5.0 





Miso = misonidazole. 


*Factor 1.6 appropriate when doses and tumour concentrations are expressed as weights (corresponds to 2 3 1n molar terma, see 


Appendix). 
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but for Ro 03-8799, because the toxicity is acute and 
not cumulative, total dose is limited by the fractiona- 
tion employed, either | g/m? of surface area when the 
drug is given on alternate days or 0.75 g/m* when given 
more frequently in a daily regime. Thus, the relative 
benefit. of Ro 03-8799 over misonidazole will be 
increased with the number of fractions (Row 4, 
Table VHI). 

Relative tumour concentrations (Row 6) are 
calculated as the product of the relative tolerable dose 
(Row 4) and the ratio in tumour of Ro 03-8799 to 
misonidazole after administration of equal doses 
(Row 5). 

We must recognise that in human tumours a 
relationship exists between the tissue/plasma ratio of 
Ro 03-8799 and the proportion of the sample occupied 
by tumour cells: this is not seen with misonidazole 
(Fig. 1). In samples containing only a small percentage 
of tumour cells, tissue/plasma ratios similar to those 
obtained in normal tissues were found. It is probable 
that the concentration actually in the tumour cells in 
those samples is higher and similar to those in samples 
where tumour cells dominate. Our figure of 2.00 for the 
relative concentrations in tumour for the two drugs is, 
therefore, likely to be an underestimate. 

In previous discussions concerning the relative 
sensitising efficiencies of the two drugs at the 
concentrations likely to be achieved in hypoxic tumour 
cells in man, factors ranging from 1.0 to 2.5 have been 
considered (Saunders et al, 1984; Roberts et al, 1986). 
In the Appendix we have considered the evidence and 
have concluded that the ratio could be 1.6. This, a 
conservative estimate, is used in Row 7 of Table VIII. 
The product of this and the tumour concentrations 
gives us a predictor of the relative therapeutic ratio 
(Row 8). 

The prediction of an improvement over misonidazole 
by a factor of 5 in a 25-fraction regime is likely to be an 
underestimate for the reasons given above and gives 
much encouragement to further clinical work with 
Ro 03-8799 and the initiation of randomised controlled 
trials in selected tumour types and stages. 


Fic. 1. 


The tissue/plasma ratios for Ro 03-8799 
(@) and for misonidazole (OQ) have been 
plotted against the percentage of the 
sample occupied by tumour cells as 
observed histologically. We have excluded 
Sample 3, Case 2, which showed in situ 
carcinoma in vaginal mucosa. 
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APPENDIX’ ESTIMATION OF THE LIKELY RELATIVE EFFICACY OF 
MISONIDAZOLE AND Ro 03-8799 As RADIOSENSITIERS 

We can estimate relative. equieffective concentrations via 
three independent routes (a) predictions based upon measured 
chemical properties and previously established relationships 
between these propertes and efficacy, (b) predictions from mm- 
vitro measurements, taking into account measured extra- 
cellular/intracellular concentration gradients, and (c) predic- 
tions from mouse tumour models. 


(a) Prediction based upon chemical properties 
Adams et al (1976, 1979) quantified the “electron-affinity 
relationship” between radiosenstisation efficiency (e.g. the 


extracellular concentration, C required to obtain a defined 
enhancement ratio with mammalian cells in vitro) and electron 
affinity (eg the reduction potential E vs NHE for the 
sensitiser/radical-anion couple at pH 7) The relationship 
between C and E is of the form: 


—log C = ba +b, E (1) 


and, if C is in mol/kg and E is m V, then the slope b, of the 
redox relationship (Equation (1)) was found to be c. 7 0—8.2 
V^! for enhancement ratios (SER) of 1.4-1.6. Values of E for 
misonidazole and Ro 03-8799 of —0.389 and —0.346 V, 
respectively, at pH 7 have been reported (Adams et al, 1976; 
Smithen et al, 1980). The pH-dependence of E ıs well 
understood, for misonidazole, E is invariant within 0.005 V for 
all pH > 63 (Wardman, 1975) and measurements with Ro 03- 
8799 (Clarke & Wardman, unpublished) show that E does not 
vary by more than +0.005 V between pH 6.3 and 83, cf 
RGW-603 (Wardman, 1982). 

Hence, Ro 03-8799 is more electron-affinic than 
misonidazole by 0043 V in the physiological pH range Using 
b, = 7.6 V! we calculate an expected ratio of concentrations 
required to achieve the same effect for misonidazole relative to 
Ro 03-8799 of 2.1 (= 10099x76) at an SER of 1.5. 


(b) Prediction based on in-vitro measurements 

Smithen et al (1980) and Watts et al (1980) measured the 
radiosensitisation efficiencies of Ro 03-8799 and misonidazole, 
respectively, using V79-379A Chinese hamster fibroblasts 
m vitro under similar conditions, and found that Ro 03-8799 
was c. [0 times more efficient a radiosensitiser than 
misonidazole in terms of the extracellular concentrations 
required to achieve sumilar responses. 

These comparisons have been ted in numerous 
experiments by Watts et al (unpublished) since 1977-78. The 
relationship between SER and extracellular concentration is a 
smooth curve when the concentration w plotted on a 
logarithmic scale and, indeed, for SER € 1.6, SER increases 
pracucally linearly with log C with many compounds. Hence, 
it is appropriate to average and discuss sensitiser efficacy in 
terms of log C. Twelve separate sets of experiments by Watts 
et al since 1978, using misonidazole and V79-379A cells, yield 
log C = —3.422+0 031 and — 3 048 + 0.026 for an SER of 1.4 
and 1 6, respectively, where C is in mol/dm? = mol/kg and all 
uncertainties are standard errors (SE). Corresponding values 
from eight sets of experiments for Ro 03-8799 between 1977 
and 1981 give log C = —447+0.11 and —4 067 + 0.089 for an 
SER = 1 4 and 1 6, respectively. 

These data from numerous experiments yield estimates of 
the difference in efficacy of misonidazole and Ro 03-8799 (in 
terms of extracellular concentrations) of Alog C = 1.05+0.11 
and 1.02+0.09 at the SER level of 1.4 and 1.6, respectively. 
Thus, the initial report of an order-of-magnitude higher 
efficiency of Ro 03-8799 compared to misonidazole (extra- 
cellular concentrations) has been confirmed on numerous 
occasions, the pooled data at the SER level of 14 
corresponding to a factor of 11.1 and +1 SE representing the 
range 8.6-14.5 (10.4, 8 4-13 0 at an SER of 1 6). 

For better comparison with tissue measurements, these 
factors need to be corrected for extracellular intracellular 
concentration gradients, long anticipated (e.g. Ross, 1961) and 
measured with the compounds of interest here using 
mammalian cells in vitro (Dennis et al, 1985) Using the same 
conditions and cells as the radiosensitiser measurements, 
Dennis etal measured extracellular. average intracellular 
concentration ratios for misonidazole and Ro 03-8799 of 
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0.68+0.03 and 3.28+0.09, respectively, Ro 03-8799 con- 
centrates within the cells by a factor of 4.80 +0.23 compared 
with misonidazole. Using this latter factor, the relative efficacy 
of Ro 03-8799 compared with misonidazole, when expressed in 
terms of average intracellular concentrations, becomes 2.3 
(+1 SE, range 1.8-3.0) at the SER level of 1.4 (2.2, 1.8-2.7 at 
an SER of 1.6). 

The corrected relative efficacy factor of 2.2--2.3 is similar to 
the factor of 2.1 predicted from the difference in electron 
affinity (see above). It is likely that the uncertainty limits 
quoted overestimate the degree of uncertainty. Radiosensitisa- 
tion efficiency is remarkably insensitive to variation in 
molecular properties other than reduction potential and 
factors which control intracellular uptake (Wardman, 1982). 
Of the many (> 60) analogues of Ro 03-8799 examined in the 
in-vitro assay by Watts et al (Adams et al, 1980; Smithen et al, 
1980; Watts et al, unpublished), the majority are close 
analogues with pK, > 8 and of moderate lipophilicity. All such 


analogues were closely similar to Ro 03-8799 in their 
radiosensitising properties in vitro; numerous neutral 


analogues of misonidazole are indistinguishable from the 
prototype. These observations lend further support to the 
observations already made with Ro 03-8799 and misonidazole 
in vitro. 


(c) Prediction based on in-vivo measurements 

A comparison of Ro 03-8799 and misonidazole in radio- 
sensitising a mouse fibrosarcoma (SA Fab) was made by 
Williams et al (1982), using tumour growth delay as end-point. 
With both compounds, three sets of measurements were made 
with average tumour concentrations in the range of most 
clinical relevance: c. 0.05-3.00 mmol/kg misonidazole and 
0.05-0.2 mmol/kg Ro 03-8799, with the SER in the range c. 
1.2-1.5. (With both compounds, one measurement was made 
at the lower end of the range and two grouped at the higher 
end.) Interpolating from the plot of SER vslog C gives 
estimated tumour concentrations required to achieve an SER 
of 1.5 of c. 0.41 and 0.21 mmol/kg for misonidazole and 
Ro 03-8799, respectively, i.e. Ro 03-8799 appears to be c. 1.9 
times as efficient as misonidazole at the SER level of 1.5. 

While a twofold higher efficiency of Ro 03-8799 compared 
with misonidazole would be consistent with either of the two 
independent predictions above, it is easy to overinterpret data 
of this type. The estimates of Williams et al (1982) typically 
had uncertainties (SE) of +0.15 in the associated SER. The 
implications of such uncertainties have been noted by 
Wardman (1982). An increase of about 2.6 times in sensitiser 
concentration is needed to increase SER from 1.4 to 1.6 with 


compounds of E = —0.37 V in vitro (Adams et al, 1979); the 
increase in SER with increasing concentration derived from the 
data of Williams et al (1982), d(SER)/d(log C) is about 0.3-0.4 
over the range noted above. These values imply that an uncer- 
tainty in the measurement of the SER of +0.15 corresponds 
to an uncertainty in estimating the concentration required to 
achieve a defined response which is well in excess of the factor 
of ~ 2, the difference predicted for Ro 03-8799 and 
misonidazole. Much more data need to be obtained before 
reasonably precise estimates of the relative efficacy of the two 
compounds at clinically relevant concentrations can be derived 
from these experiments. 


Conclusions 

The best estimate of the relative efficacy of Ro 03-8799 and 
misonidazole, at enhancement ratios/concentrations within the 
clinically realistic range, is that derived from in-vitro 
measurements, after correcting for relative, average intra- 
cellular concentrations. Ro 03-8799 is probably a factor ~ 2.3 
more efficient than misonidazole when expressed in molar 
concentrations required to achieve the same response. The 
relative molar mass of Ro 03-8799 is 1.445 or 1.264 times 
higher than that of misonidazole when the former is expressed 
as the hydrochloride salt or free base, respectively, so that the 
factor is reduced to ~ 1.6 or 1.8 if concentrations are 
expressed as weight of the hydrochloride or free base, 
respectively, rather than moles. Predictions based upon 
chemical properties and on in-vivo measurements are quite 
consistent with the above estimate. 

It should be stressed that both in-vitro and in-vivo data 
suggest the relative efficacy of Ro 03-8799 to misonidazole 
increases if comparison is made at concentration/responses 
higher than those used in this analysis. Thus, interpolation of 
the data of Williams et al (1982) yields a factor of c. 3.2 in 
molar terms for the relative efficacy of Ro 03-8799 compared 
with misonidazole at the SER level of 1.8. A response of 
SER = 1.5 requires average intracellular concentrations of 
0.11 mmol/kg Ro 03-8799 in V79-379A cells in vitro or c. 
0.22 mmol/kg in the mouse fibrosarcoma, Tumour levels of 
.2 mmol/kg (58 ug/g Ro 03-8799 as hydrochloride or 51 ug/g 
as free base) are expected to be frequently exceeded at 
individual administered dose levels of 750—1000 mg/m? tolerated 
in multifraction regimes. (The six cases described in the present 
study gave a mean tumour concentration of 25 ug/g after a 
dose of 500 mg; at a dose of 0.75 g/m? and surface area of 
L7 m?^, a tumour concentration of 65 pg/g Ro 03-8799 
hydrochloride would be expected.) The above estimate of 
relative efficacy is, therefore, conservative. 
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Advances in the Biosciences Vol. 55. Germ Cell Tumour H. Ed. 
by W. G. Jones, A. Milford Ward and C. K. Anderson, pp. 
xv + 496 -- index, 1985 (Pergamon Press Ltd, Oxford), £57.00. 
ISBN 0-08-031997-1 

This publication is of the proceedings of the second Germ Cell 
Tumour Conference held at the University of Leeds in April 
1985, and, like the previous account of the first Conference 
held in 1981, the editors are to be congratulated on producing 
their book so rapidly. 

The individual contributors to the Conference came from all 
over Europe as well as North America, and thus one receives 
an excellent international review of current thought on germ 
cell tumours. Some aspects of the histopathology of both the 
primary and metastatic tumours are well discussed, although 
the illustrations are not clearly displayed. Some interesting 
ideas on flow cytometry are described, and, rightly, there is a 
great emphasis placed on the role of tumour markers in early 
management, their response to chemotherapy and, in 
particular, on their importance when a surveillance policy is 
being followed. The latter subject is well covered and 
particular emphasis is given to the dangers of pursuing such 
policies without a meticulously high standard of follow-up 
being available. There is even a fascinating chapter on the 
financial implications of such a policy, although it is a pity that 
the author did not appear to get his facts right--a computed 
tomographic scan costs at least £200, not £75 as stated, and a 
course of radiotherapy if properly costed should be nearer 
£400 than £100. Chemotherapy is covered in great detail, but 
the figures and tables are really quite difficult to follow. 
Although radiotherapy is not now such an important part of 
treatment, some more detailed discussion of techniques and 
management would have been welcome. The surgical manage- 
ment and the extragonadal tumours are well covered, as are 
the problems of infertility. It is a pity that the chapters (which 
are not numbered) and the one-page discussions are somewhat 
mixed up in content, but presumably this is how the 
Conference was presented chronologically. 

It is difficult to know for whom the book is intended; 
certainly not for the radiotherapist in training, as the factual 
matter is probably far too detailed for easy digestion and the 
very small print does not make for easy reading. As a textbook, 
however, consultant radiotherapists and medical oncologists 
will find it an excellent reference book, and it could have a 
place in most departmental libraries. 

H. F. HoPrE-STONE 


The Fundamentals of X-Ray and Radium Physics, 7th edit. By 
Joseph Selman, xxxiii + 592 + index, 1985 (Charles C. Thomas, 
Springfield, Illinois), $29.75. 

ISBN 0-398-05065-1 

This book has found a place on many a library shelf since it 
was first published over 30 years ago. The seventh edition 
shows a small increase in overall length, while a glance through 
the contents section suggests the changes are very superficial. 
The author has contented himself with the title and kept to the 
fundamentals of his subject, starting the book with simplified 
mathematics at a junior-school level and progressing slowly 
through basic physics, electricity and magnetism. The second 
quarter, dealing with X rays and their production, is very 
adequate, biased heavily to diagnostic equipment, the only 
references to radiotherapy being developed out of a discussion 
on absorbed dose and a later section on radiation protection. 
One sentence acknowledges the use of the gray as the new unit 
of absorbed dose while the rest of the text adheres rigidly to 
the use of roentgens and rads, 

The production of the X-ray image is covered in the third 
quarter. Starting with the composition of the film and the 
design of a (wet) darkroom, the author elaborates on the 
chemistry of both manual and automated processing, the 
definition of radiographic quality and techniques for improv- 
ing that quality. Computed tomography has been added to the 
chapter on special equipment, while the use of 350 kV 
equipment for chest radiography has been deleted. 

The text concludes with a section on radium and 
radionuclides and a section on radiation protection. Here the 
revision concentrates more on the Federal regulations than on 
the ICRP recommendations with which many readers have 
become more familiar over the last decade. 

As à basic text, this book has much to recommend it, but, 
unfortunately, this latest update has not been as complete as 
one might have wished and students will need to read more 
widely before they try to satisfy their examiners. They will 
undoubtedly benefit both from attempting the questions and 
problems at the end of each chapter and from the 
comprehensive index. 

C. K. BOMFORD 
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The application of the linear-quadratic model to fractionated 
radiotherapy when there is incomplete normal tissue 
recovery between fractions, and possible implications for 
treatments involving multiple fractions per day 


By R. G. Dale, Ph.D., C.Phys., F.Inst.P. 


Department of Medical Physics, Charing Cross Hospital, Fulham Palace Road, London W6 8RF 


(Received November 1985 and in revised form January 1986) 


ABSTRACT 

By extending a previously developed mathematical model 
based on the linear-quadratic dose-effect relationship, it is 
possible to examine the consequences of performing frac- 
tionated treatments for which there is insufficient time between 
fractions to allow complete damage repair. Equations are 
derived which give the relative effectiveness of such treatments 
in terms of tissue-repair constants (u values) and a/f ratios, 
and these are then applied to some examples of treatments 
involving multiple fractions per day. The interplay of the 
various mechanisms involved (including repopulation eflects) 
and their possible influence on treatments involving closely 
spaced fractions are examined. If current indications of the 
differences in recovery rates between early- and late-reacting 
normal tissues are representative, then it is shown that such 
differences may limit the clinical potential of accelerated 
fractionation regimes, where several fractions per day are given 
in a relatively short overall time. 


In assessing the doses required to produce tolerable 
normal-tissue reactions in clinical radiotherapy, the well 
known semi-empirical models (e.g. the Ellis formula, 
cumulative radiation effect (CRE) and time, dose and 
fractionation factor (TDF) models) have plaved an 
important role. However, such models are only capable 
of giving reliable results if they are applied within the 
limits set by the particular clinical data on which they 
are based (e.g. Liversage, 1971). It is now clear that the 
more recent linear-quadratic (LQ) formulation may be 
applied to a wider variety of clinical circumstances 
simply by the careful selection of parameters which are 
characteristic of particular tissue responses. 

The LQ model is so-called on account of the assumed 
mathematical form of the underlying dose-response 
equation. The potential usefulness of the model has 
been discussed by a number of authors (e.g. Fowler, 
1984a,b) who have demonstrated how the method 
predicts the improvements in therapeutic ratio which 
may be obtained by appropriate adjustment of dose per 
fraction in fractionated radiotherapy. Indeed, the 
identification of the crucial significance of dose per 
fraction, as opposed to total dose, has been one of the 
major achievements of the LQ model. 

The implications of the theory to other aspects of 
modern radiotherapy practice (e.g. treatments with 
permanent or temporary implants, total body 
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irradiations (TBIs), etc.) have been considered in some 
detail in an earlier paper (Dale, 1985), where equations 
incorporating the effects of intracellular repair during 
prolonged irradiation were derived. The purpose of this 
paper is to extend further the method and apply it to 
some examples of treatments involving closely spaced 
fractions. Thames (1984) has suggested that repair rates 
may differ between normal tissues, and the implications 
of this also are examined. 


BASIC CONSIDERATION OF THE LQ MODEL 
The model postulates that gross radiation effects (E) 
may be related to fractional radiation dose (Dy) given in 
N fractions by: 


E = N(xDy BD) (1) 


A number of articles have dealt with the steps leading to 
the derivation of Equation (1) (e.g. Barendsen, 1982). 
The mode of cellular death which is responsible for the 
observed effect is inherently assumed to be of the two- 
hit type. and in applying Equation (1) we further 
assume that biological effect is correlated with the 
surviving fraction of target cells (Thames et al, 1982), 
although it is acknowledged that the equivalence is not 
exact (Michalowski, 1984). 

Dale (1985) has shown that it is convenient to think 
in terms of there being two distinct components which 
lead to cell death, one being due to simultaneous 
damaging of two adjacent targets (the x component), 
the other due to the union of independently damaged 
targets (the # component). Whether or not the targets 
themselves are the individual strands of the DNA helix 
(as suggested by Chadwick and Leenhouts (1973)) is not 
relevant to the mathematical analysis. 

Hendry and Moore (1985) show how absolute values 
of x and fi may be derived from dose-incidence data, 
but the particular usefulness of all LQ equations relies 
on the fact that particular radiation effects may be 
characterised by specific x/ß ratios (Fowler, 1984b). An 
individual knowledge of both x and $ is not required in 
the application of the equations to calculating changes 
in treatment schedules. 

There are now emerging some general indications of 
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the a/f values which can be used in clinical problem 

solving: 

(a) Acute epithelial tissue reactions in radiotherapy 
tend to be characterised by relatively high a/f 
ratios, typically in the range 8-13 Gy and with an 
average of about 10 Gy (Fowler, 1984b). 

(b) Late-tissue reactions tend to be characterised by 
relatively low a/f ratios, typically in the range 2- 
6 Gy, but the spread of values may extend outside 
this range (Fowler, 1984b). 

(c) Tumour responses tend to be characterised by high 
a/f ratios, typically 10-25 Gy (Fowler, 1984b, 
Williams et al, 1985). 

Barendsen (1982) introduced two very useful concepts 
which case the manipulation of LQ equations. He 
defined the extrapolated response dose (ERD) to be the 
hypothetical dose which is required for a given 
radiation effect when an infinite number of infinitely 
small fractions is given. A quantity called relative 
effectiveness per unit dose (RE), which is dependent on 
the a/f ratio characteristic of the effect under 
consideration, may also be defined for any particular 
regime. For fractionated radiotherapy, RE is related to 
dose/fraction (Dy) by the relationship: 


RE = 1+ D,(f/a) 
The ERD and RE are related to total dose (TD) by: 
ERD = TDx RE (3) 
In general, regimes are iso-effective on a specific tissue if 
they produce the same ERD, therefore two regimes A 
and B are considered iso-effective if: 


(TD), x (RE), = (TD), x (RE); (4) 


Dale (1985) has shown how the ERD and RE 
concepts may be developed and applied to any type of 
treatment, not only fractionated radiotherapy. By 
repeated use of Equation (4) it is possible to find a 
range of regimes which are iso-effective to a particular 
reference regime, i.e. the equation 1s very useful in the 
construction of  iso-effect curves (Dale, 1986; 
O'Donoghue, 1986). Although the mathematical 
relationships which define RE can be quite complex, the 
basic ¢quations linking RE with ERD and total dose, 
l.e. Equations (3) and (4), make it easy to follow how 
the LQ model is operating when different regimes are 
being compared. 

In order to deal with those cases where irradiation 
times are long enough to allow some degree of 
intracellular recovery during treatment, Dale (1985) 
considered separately the two modes by which it is 
assumed that lethal radiation damage may be created. 
Type A damage ıs that due to the a component, and 
Type B damage is that due to the f component. It is 
important to appreciate that Type À damage is always 
directly proportional to the dose delivered, irrespective 
of the rate of delivery. Type B damage, because it 1s 
caused by an interaction between tbe separately 
damaged components of a target doublet, is dependent 
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on dose-rate. This is the main reason for invoking the 
concepts of Type A and Type B damage and 
considering them separately, since RE values for any 
type of radiation regime may be calculated from: 
Total Type B damage 
Total Type A damage 

It is useful to remember Equations (3)-5). 


RE = 1+ (5) 


THE EFFECT OF THE TME FACTOR IN THE LQ MODEL 

The main aim of this paper is to examine applications 
of the LQ model to treatments involving closely spaced 
fractions. The necessary mathematics 15 a development 
of that used in the analysis of protracted radiotherapy 
and, since this has already been covered in detail 
elsewhere (Dale, 1985), these new equations should be 
seen 1n conjunction with the earlier work. The analysis 
parallels an approach originally due to Roesch (1978), 
which has been utilised in slightly different form by a 
number of other authors (e.g. Douglas, 1982a,b; 
Thames, 1985). 

Of particular interest is the independently developed 
"incomplete-repair'" model of Thames (1985), who used 
the linear quadratic cell survival curve to give the log 
surviving fraction of cells after closely spaced fractions. 
Although presented in a different form, the equations of 
Thames are fundamentally the same as those to be 
derived here, and to those already published for 
fractionated and protracted regimes (Dale, 1985). 
However, the equations of Thames do not incorporate 
the effects of exponentially falling dose-rates associated 
with decaying sources. 

In Thames’ approach the emphasis is on the 
derivation of equations giving the log surviving fraction 
for different regimes. À particular advantage of this 
approach is that the model can be very elegantly 
applied to the analysis of tissue repair kinetics as 
determined by experimental data. By equating surviving 
fractions (and by assuming that ''iso-survival = iso- 
effect"), the interplay of the LQ parameters may also be 
investigated. 

In Dale's approach, the emphasis is mainly on the 
derivation of RE values, which can then be used directly 
(ria Equations (3) and (4)) in clinical problem solving. 
The fact that the ERD concept is clearly identified and 
utilised as a basis for determining equivalence is a 
further aid, since there are obvious parallels between the 
use of the ERD in LQ equations and of the nominal 
standard dose (NSD) in the Ellis equation, with which 
many clinicians are very familiar. Although ERD and 
NSD are quite different, they cach act as a conceptual 
fulcrum in their respective models. The use of ERD also 
allows the establishment of important equivalence 
relationships which are independent of ay. 

To proceed further with the analysis, consider a 
fractionated regime consisting of individual irradiations 
of short duration T, delivered at dose-rate R, and time x 


920 


SEPTEMBER 1986 


The application of the linear-quadratic model 


apart. Let p be the (small) probability per unit dose that 
one target in a doublet is hit. In the first fraction: 


Probability (sublethal damage per target doublet) 
= 2pRT 


Since p is small, we assume that the amount of Type B 
damage created in any fraction does not significantly 
reduce the amount of sublethal damage present (i.e. p? 
is negligible). At the second fraction, time x after the 
first, assuming that this sublethal damage repairs 
exponentially with time constant u, then 
Probability (sublethal damage remaining per 
doublet) = 2p RT exp( — ux) 


Therefore, 
Probability (creating sublethal damage in time dt 
at time t into irradiation) 
= ef 2pRt+2pRT exp ( — ux)]pRdt 
where e is the probability that two damaged target pairs 


interact to produce lethal damage. 
If n is the number of target pairs then, in time T, 


Type B damage is given by: 


2nep* R? Ne + T exp (— ux)]dt 
= BR°T*[1+2exp(—ux)] (6 


where (following Dale, 1985) f = nep’. 

Equation (6) gives the amount of Type B damage 
created in the second fraction. By extending the 
argument, it may be shown that the total Type B 
damage produced in the Nth fraction is: 


BR?^T?[1 +2 exp (—px)+2exp(—2ux)+... 
+2 exp {—(N— l)x}] 
Therefore, since RT = Dy, the dose per fraction, the 
total Type B damage created in N such fractions is: 
BD&(N + 2[(N — 1) exp (— ux) 
(N—2)exp( —2ux)- . . + exp (-(N — Dux]]) 


-BDMNA2 Y (N-Dexp(-iuX)] (P 


The expression inside the square brackets may be 
further reduced (see Appendix I), re. total Type B 
damage in N fractions 
N(1 — K^) -2K(1—XK 
(1—K) 


where K = exp(— ux). Equation (8) above 1s contained 
within Equation (7) of Thames, 1985. 

For N such fractions total Type A damage is given by 
NaDy. Therefore, utilising Equation (5) of this paper we 
have: 


B\ (Dy\ (NQ — K2)—2K(1— K") 
eL acm] o 


As a simple check on Equation (9) it may be noted that 


(8) 
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if x is large, K-+0, i.e. for conventionally fractionated 
regimes, 
RE = 14+ D,,(8/a) (10) 


This is the standard result for normally fractionated 
regimes (Dale, 1985). 


APPLICATION TO TREATMENTS INVOLVING MULTIPLE 
FRACTIONS Per Day 

In order to standardise terminology, two main types 
of treatment involving multiple fractions per day (MFD 
treatment) may be identified (Thames et al, 1983). 

Accelerated fractionation (AF) where overall time is 
shorter than in conventional treatment, achieved by 
giving two or three daily fractions. Total dose and 
fraction size are similar to those given in conventional 
treatments. 

Hyperfractionation (HF) where fraction doses are 
smaller than conventional doses, but are given two or 
three times daily to achieve an increase in the total 
dose, which is given ın a conventional overall time. 

These definitions are used because they have been 
utiliaed by other authors and are convenient for the 
analysis. However, it should be remembered that there 
are other possible types of MFD treatments which may 
not fall within the above constraints relating to fraction 
size and overall time, but which nevertheless could have 
important treatment potential. 

The application of the equations derived above will 
be considered with reference to some i 
examples, initially using a value of u=0.46h"', 
corresponding to a repair half-life of 1.5h This is the 
figure adopted by Liversage in his formulations 
(Liversage, 1969a,b) and which has been shown to be 
applicable to late-reacting tissues by Thames (1984). 
For these initial assessments the possible effects of tissue 
repopulation will be ignored. 

Consider first a treatment which delivers 60 Gy in 30 
fractions, i.e. Dy = 2 Gy. If the fractions are well apart 
then, from Equation (10), 


RE = 1+2 (fifa) 

If the fractions are at intervals of 6h then, from 
Equation (9), 

RE = 14+2.26 (fi/a) 
Similarly, at intervals of 4 h, 

RE = 1 +2.73 (B/a) 
and at intervals of 2.7 h, 

RE = 1-4- 3.55 (B/a) 


Therefore RE increases as the interval between fractions 
decreases, the numerical value depending on the a/f 
ratio characteristic of the end-point in question. 

In practice, fractions in such & regime could well be 
given at intervals between around 9a.m. and 6 p.m. 
There would thus be a relatively long interval (~ 15 h) 
between fractions on successive days. During this period 
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virtually all the accumulated damage would repair, 
therefore the effective RE of such treatments may be 
more appropriately calculated by applying Equation (9) 
to each daily treatment regime. If this 1s done, then, for 
two fractions at intervals of 6 h, 


RE = 1 +2.13 (fifa) 

and, for three fractions at intervals of 4 h, 
RE = 14- 2.46 (fj/a) 

and, for four fractions at intervals of 2.7 h, 
RE = 1 +3.08 (p/a). 


Thus, the working RE values in such practical 
regimes are lower than those in which the fraction 
intervals are kept constant throughout. Nevertheless, 
the general trend of increasing RE with reduced fraction 
spacing is the same as before. 

It is one of the fundamental predictions of the LQ 
model (e.g. Fowler, 1984a) that late-reacting tissue 
damage in a fractionated regime may be reduced 
relative to early-reacting tissue damage by reducing the 
dose per fraction. However, as the above reasoning 
indicates, the situation will be complicated if the 
fraction intervals are insufficient to allow full repair of 
damage between fractions. Án additional problem in 
assessing the magnitude of such effects is the likelihood 
that the damage repair rates will vary among tissues, as 
will the extent of repopulation in response to injury. 


Thames (1984) has reported that the half-life of recovery 
in early-reacting tissuee may be smaller than in late- 
reacting tissues, with skin as an exception. Ássuming 
values which have been found to be representative 
(Tjj 7 0.5 h for early-reacting tissues, 1.5h for late- 
reacting tissues), 1t is possible tentatively to re-assess the 
potential benefits of AF and HF treatments. 

The above sequence of calculations was for doses per 
fraction of 2 Gy, Le. a conventional level which would 
be found in AF type treatments In HF type treatments 
the doses per fraction would be less than this; a figure of 
l Gy will be a useful value to take for subsequent 
analyses. 

The results are given in Table I. It is assumed in all 
cases that the ERD required is that for a regime 
delivering 60 Gy in 30 fractions, l.e. 72 Gy and 108 Gy 
for early- and  late-reacting respectively 
(calculated via Equations (3) and (10)) The table 
bighlights the necessary calculation steps (using 
Equation (9)) for different fraction spacings and for the 
two selected values of dose per fraction. 

Considering first the AF treatments 
(dose/fraction = 2 Gy), it is seen that the total dose 
required to obtain the same late-reacting damage (i.e. 
with ERD = 108 Gy) decreases markedly with reduced 
fraction interval, whereas the doses required for similar 
early-reacting effects (with ERD = 72 Gy) remain 
virtually constant. Therefore, if tumour a/f values are 
also high (Fowler, 1984b; Williams et al, 1985), and if 


TABLET 
VALUES OF RE AND TOTAL DOSE POR AF AND HF RBOIMPS INVOLVING FRACTIONS GIVEN AT SPBCIFIED TIME INTERVALS 


Regime Dose/fraction = 2 Gy Dose/fraction = 1 Gy 
(accelerated fractionation) (hyperíractionation) 
Late reactions Early reactions Late reactions Early reactions 
a/p m 2.5 Gy a/f = 10 Gy a/ = 2.5 Gy a/f = 10 Gy 
u m 0,46 ho! um | 39h"! u m 0.46 h7! we 139h^! 
ERD = 108 Gy ERD = 72 Gy ERD = 108 Gy ERD = 72 Gy 
Tho Osa, CRECER 2) 14 5D ey Lk e 120 Lp qug 14 Le 110 
6 h intervals ° 10 25 i0 —— 
. TD to give 108 72 
— — w SHAG — = 60 G — — m 75,5 (5 — w 65.4 
(Eq 3) 1.85 á : 1.1 3 
Three fractions/day, RE (Eq. 9) 246 — 2001 ern him 
dle 1 + 1 98 1+ T: 1.20 1+ 1.49 I+ 1.10 
“TDto ge 108 72 108 72 
—— = 5S45G — = $ G — — - — = 654 G 
(Eq 3) 198 d 12 d 1.49 um 1.1 d 
Four karuon day; REG?) jp 073 gc 9 |i d [e m 1.10 
27h intervals ' ' 10 * 
.. TD to give 108 n 
— — w 48.4 G —— m 59,5 G —— 5667 G — = 65,4 G 
(Eq. 3) d 12 $ : L1 i 
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the degree of tumour proliferation is unaffected by the 
reduction in treatment time, equivalent tumour kill 
effects will only be produced in AF treatments at the 
expense of extra late-tissue damage, because of the 
slower repair rate 1n these latter tissues. 

For HF treatments (dose/fraction = 1 Gy) it will be 
noted from Table I that the expected advantages of 
smaller doses per fraction continue to outweigh the 
effects of reduced damage repair between fractions and, 
provided the number of daily fractions is three or less, 
sparing of late-tissue damage is likely. 

Although the effects of tissue repopulation are outside 
the scope of the basic LQ model, some account needs to 
be taken of the phenomenon in deciding between the 
relative efficacy of HF and AF regimes. Tumour 
repopulation during treatment will be considered in 
more detail later since it is obviously of special 
relevance. 

The degree of repopulation occurring in late- 
responding tissues (with the possible exception of 
kidney and lung) will be small over the time scale of the 
treatments under consideration, and can be reasonably 
discounted. 

Modern megavoltage beams allow considerable 
sparing of epidermis, so acute skin reactions are no 
longer always the limiting factor, although other acute 
effects, e.g. mucositis, may be. Denekamp (1973) has 
demonstrated experimentally how compensatory pro- 
liferation in skin or mucosa begins to accelerate at 
about 15days after the beginning of treatments 
involving daily irradiation. Turesson and Notter (1984) 
have reinforced this finding clinically and have shown 
that repopulation in irradiated human skin enters an 
accelerated phase fairly abruptly after about 4 weeks of 
treatment. This is believed to be due to the stimulating 
effect of  radiation-induced reproductive death, 
controlled by the rate of loss of sterilised cells. Thus, the 
amount of acute-tissue repopulation is governed largely 
by the overall time of a course of treatment. Turesson 
and Notter (1984) have also shown how more frequent 
fractionation leads to a probable redistribution of cells 
within the cell cycle, resulting in increased sensitisation. 

In opting for MFD treatments, several key 
parameters are simultaneously altered and it is, 
therefore, difficult to predict with any certainty what the 
outcome on acute-responding tissues will be. If the 
MFD regime results in a reduction in the treatment 
time to a point where the accelerated proliferation 
observed in more conventional treatments cannot 
occur, acute-reactions are increased. This is often found 
to be the case clinically (see review by van der Scheuren 
et al, 1983), and has led to the introduction in some 
centres of split-course MFD techniques. Therefore too 
drastic a reduction in treatment time generally leads to 
an increase in the acute damage, but only the results of 
systematic clinical investigations will identify the nature 
of the interplay between the various parameters. 

Thames et al (1983) and Fowler (1984b) have each 
shown that AF treatments tend to favour the case where 
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tumour doubling times are relatively fast (e.g. a few 
days). This is because the reduced overall times of such 
treatments allow fewer tumour cell divisions, with a 
consequent reduction in the number of tumour celis 
which need to be killed. However, if the damage repair 
rates used above are representative, it is seen from the 
analysis that the likelihood of enhanced late-reactions 
rises as interfraction interval decreases. Whether or not 
such disadvantages would outweigh the potential 
advantages of enhanced tumour curability in a reduced 
treatment time would depend on the tumour 
proliferation rates involved. 

Assuming once again that an AF regime is to be given 
which will give the same ERD to late-reacting tissues 
(a/f = 2.5 Gy, u = 0.46 h^!) as a conventional regime 
giving 60 Gy in 30 daily fractions (ERD = 108 Gy) 
then, from Table I for three fractions/day, RE 2 1.98. 
Therefore total dose to give = 108/1.98 = 54.5 Gy, Le. 
approximately 27 fractions at 2 Gy/fraction 

If the three fractions/day treatment is now to give the 
same ERD to  tumour/early-reacting tissues 
(a/B = 10 Gy, u = 1.39 h^!) as a conventional regime 
giving 60 Gy in 30 daily fractions (ERD — 72 Gy), the 
equivalent regime (at three fractions/day) is again found 
to be 60 Gy/30 fractions. Thus, the total dose required 
for matching of the late-effects 1s 5.5 Gy less (from 
60Gy to 54.5 Gy) than the total dose required for 
equivalent tumour effects. 

If no treatment is given at weekends, to give 30 daily 
fractions requires an overall time of about 39 days; to 
give 27 fractions at three fractions/day requires an 
overall time of about 12 days. Is the reduction in 
tumour growth that is caused by reducing the treatment 
time by 27 days (from 39 days to 12 days) offset by the 
fact that 5.5 Gy less will have to be given if late 
reactions are not to be exceeded? To provide an answer 
to this it is necessary to consider possible tumour 
doubling times. 

Thames et al (1984) have examined growth kinetics 
for some human solid tumours and have found that, 
with the exception of rapidly growing tumours such as 
Burkitt's lymphoma, the potential doubling times range 
upwards of 4days. Assuming a working figure of 
6days, the reduction in treatment time considered 
above (27 days) will ovis to 4.5 tumour doubling 
times, i.e. a factor of 247 (=23) fewer tumour cells 
would need to be killed in s AF treatment. If, very 
approximately, compensation for each tumour doubling 
requires about 3 Gy, then the dose in the AF treatment 
could be reduced by as much as 13.5 Gy (4.5x 3 Gy), 
and the tumour kill effect would still be as high as in the 
60 Gy/30 fractions case This dose reduction 1s much 
more than that required (5.5 Gy) to compensate for the 
diminished recovery of late-reacting tissues between the 
closely spaced fractions. On the basis of these figures 
there would, therefore, still appear to be a good case in 
favour of AF. 

However, potential tumour doubling times are 
frequently very much less than volume doubling times, 
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indicating large cell-loss factors (CLF) (Thames et al, 
1983), and uncertainties in the CLF can lead to 
corresponding uncertainties ın the doubling time 
estimates. In cases where potential doubling times are 
only a little longer than that considered above, the 
reduction in the tumour cell kill required in a reduced 
overall time may be relatively insignificant, thus 
requiring that the total AF dose cannot be reduced to 
any appreciable extent In such instances, AF 
treatments would appear much less attractive, limited as 
they would be by the smaller repair of late-reacting 
tissues, and possibly also by enhanced acute reactions 
due to diminished opportunity for repopulation. 

Where the tumour doubling time is known to be 
relatively long, the case for HF treatments, with the 
attendant advantages of smaller dose/fraction, is 
maintained (Table I). 

Clearly the above indications could be of con- 
siderable significance, but it needs to be emphasised 
that such conclusions, particularly those relating to the 
potential limitations of AF treatments, would only be 
generally valid if the differential repair rates assumed 
here are true for all early- and late-reacting tissues. The 
specific values selected are those found in a relatively 
small sample of tissue types analysed by Thames (1984). 
It is important to bear in mind that it may subsequently 
be shown that u values cannot be generalised, in which 
case specific values would be needed for each tissue in 
order to perform these calculations. Indeed, Ang et al 
(1985) have suggested that u values may be further 
dependent on the magnitude of  dose/fraction. 
Nevertheless, the influence on MFD treatments of 
differential repair rates between tissues has been 
previously predicted as being a possible limiting effect 
(Thames, 1984; Thames et al, 1984) and the LQ 
equations, which additionally accommodate the effects 
of differing a/f values and differing dose/fraction, do 
allow a more comprehensive analysis of the problem. 


APPLICATION TO TBI TREATMENTS UTILISING A NUMBER 
OF SHORT FRACTIONS OVER A PERIOD OF Hours 

À number of authors (e.g. Cline et al, 1975) have 
reported TBI techniques involving the delivery of dose 
over a period of several hours, a frequent procedure 
being to give a number of small fractions during this 
period, rather than a truly continuous irradiation. The 
possible consequences of adopting this approach may 
be analysed by means of Equation (9). 
Let: 

N(1— K?) -2K(t — K^) 

(1— K) 

i.e. that part of Equation (9) within the curly brackets. 
Then, 


Z 


RE = 1+ F,,.4.(B/a) 
where: 


Fina = (Dy/N)Z (from Equation (9)) 


Values of Fima are plotted against N in Fig. 1 for two 
regimes: (A) assuming 10 Gy delivered in 6 h, (B) 
assuming 8 Gy delivered in 2 h. 

In each case the results have been plotted for two 
values of repair constant; py=046h7! and 
u = 139 h^ !. The graph indicates also the value of F pret 
(RE = 1+(B/a)F pr) expected if the regimes were truly 
protracted, calculated via Equation (Z). Clearly the 
behaviour of Frew is complex, but the general 
conclusion to be drawn is that this parameter (and 
hence RE) is notably smaller in the fractionated case for 
tissues in which the damage repair is fairly rapid. The 
differences between Faa and F,,, tend to become 


insignificant for fraction numbers » 25. 

It is intuitively obvious that, for increasing fraction 
numbers and smaller fraction intervals, the REs of such 
fractionated and protracted regimes should tend to the 





Fig | 
Behaviour of the parameter Fix for two different fractionated 
treatment regimes and two values of repair constant. (A) 10 Gy 
given in 6 h. (B) 8 Gy given in 2 h. 
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same value. This is clear from the curves considered in 
Fig. 1, and is proved mathematically in Appendix IT. 

Multifractionated TBI treatments within the space of 
a few hours ought, therefore, to produce the same 
effects on all tissues as when the same total dose ts given 
in a low dose-rate continuous irradiation in the same 
time period, i.e. when the average dose-rate 1s the same 
in each case. This conclusion is supported by the work 
of Lehnert (1985), commenting on the anomalous 
results of Kim et al (1985). 

Before leaving this consideration of TBI, it may be of 
interest to re-examine one of the practical problems 
previously investigated (Examples D and E of Dale, 
1985). It was found that there were clear theoretical 
advantages to be gained by delivering TBIs in a few 
acute fractions instead of with continuous irradiations 
given in a few hours, principally on account of the 
expected decrease in the incidence of lung reactions 
without loss of effect on the bone marrow. These 
conclusions were reached on the basis of both the 
critical tissues having a repair half-life of 1.5 h. Because 
of the possible faster repair rate associated with bone 
marrow (Thames et al (1984) have suggested a T}; as 
low as 0.3 h), the case for fractionation may be even 
better than previously indicated. The calculations will 
therefore be repeated, this time using an assumed repair 
half-life of 0.5 h for the bone marrow. 


Continuous irradiation: 10 Gy at an average dose- 
rate of 1.67 Gy h^! over an extended time of 6 h. Lung 
and marrow doses identical. 


Assume: bone marrow a/f = 15Gy; Tj,,- 05h; 
p 1.39h^!', and lung x/f—-4Gy; T,,.. = 15h; 
jx 0.46 h^. 


From Equation (C) of Dale (1985): 
ERD (marrow) = 11.4 Gy and ERD (lung) = 22.0 Gy. 


If the fractionated regime is to consist of five acute 
fractions, the dose/fraction (DX) can be calculated from 
Equations (2) and (3) of this paper. 


For bone marrow: 


5D [1+ D4/15] = 11.4 Gy 
i.e. Dy = 2.01 Gy 
For lung: 
SD, [1+ D,/4] = 22.0 Gy 
i.e, Dy = 2.65 Gy 


Therefore, the same bone marrow depletion as in the 
protracted case can be obtained by 10.1 Gy 
(5 x 2.01 Gy) (fractionated). The same lung effect as in 
the protracted case would require 13.3 Gy (5 x 2.65 Gy) 
(fractionated). Thus, for the same degree of bone 
marrow damage, five acute fractions will "spare" the 
lung a dose of 3.2 Gy (i.e. 24%). This is a substantial 
improvement on the figure of 13%, obtained by 
assuming similar repair half-lives (1.5 h) for both tissue 
types. Again, however, it must be stressed that precise 


values of these constants, as opposed to the generalisa- 
tions used here, are important. Irrespective of this 
caution, the clinical case for fractionated TBI is now 
well established on account of the associated reduction 
in the incidence of pneumonitis (e.g. Pino et al, 1982). 


DISCUSSION 

In further developing the LQ theory from that 
previously presented, no new assumptions have been 
made, nor have any new parameters been introduced. 
The arguments advanced here are therefore no less valid 
than those which led to the development of equations 
giving the REs of fractionated, protracted and decaying 
source treatments. It is, however, important to 
understand that the clinical evidence to support the LQ 
approach is based almost entirely on studies in 
fractionated radiobiology. Iso-effect data from such 
studies, when plotted in the form of an F, graph 
(Douglas & Fowler, 1975), behave in a way which is 
explainable if the underlying dose-response equation is 
indeed linear-quadratic in form. However, this is not an 
incontrovertible proof of the LQ theory. There may be 
other explanations as to why the data points behave in 
this particular manner; the apparent support for the LQ 
model may yet be coincidental. 

The extended LQ model, although it provides further 
insights which appear logical, continues to rest on the 
assumption that the two-hit model provides a full 
explanation (at least for small to moderate 
doses/fraction) of underlying dose-effect curves. Fowler 
(1984b) has indicated other ways in which fractionated 
clinical data may be analysed, and Tucker (1984) has 
presented mathematical methods which do not merely 
derive estimates of «/f but, more importantly, are 
capable of rejecting data for which the calculation of an 
a/f ratio is unjustified, All these methods are important 
since, in the future, they may help in deciding whether 
to accept or reject the broad principles of the LQ 
theory. 
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Total Type B damage in N fractions 
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Substituting S back into Equation (7) and simplifying we have: — Doses in fractionated and protracted cases are to be equal, 


" therefore ND, = RT where R is the protracted dose-rate. 
Total Type B damage in N fractions à : | 


NA —K?)—2K(1 — K“) Therefore Type B damage 
suas $ ~ YXI-Ky EM j R?T? (24T — 201—677) 
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Book reviews 


Hyperthermia. Ed. by D. J. Watmough and W. M. Ross, pp. 
vi +242+index, 1986 (The Blackie Publishing Group, 
Glasgow), £35.00. 

This book is 245 pages long and is divided into 10 chapters, 
each contributed by different authors. The areas covered are 
the effects of heat alone or combined with drugs, thermo- 
tolerance, heating methods, expenence with whole-body 
heating, temperature measurement and prediction, and a 
survey of commercial equipment. 

An obvious gap is the lack of information on the use of 
hyperthermia and ionising radiation. This omission really 
precludes the use of this book as a general working text on 
hyperthermia, certainly for radiotherapists Ultrasonic heating 
maintains a high profile throughout the book, obviously 
reflecting the special interests of the contributors and editors. 
However, this does not accurately represent the current 
dominant use of electromagnetic heating techniques in 
hyperthermia research and clinical use. 

On the positive side, I found the chapter on hyperthermia 
and drugs to be a comprehensive summary, with 200 papers 
referenced. The chapter by Law and Pettigrew contains an 
interesting description of ther experience with the use of 
molten wax for whole-body heating, although thus technique is 
now rarely used. Sclandra and Gerweck provide an excellent 
discussion on some proposed models for thermotolerance 

Overall, I found this book disappointing It does not provide 

overview of hyperthermix as intended, 

Noua aat cani at gic a i 15 how cia 

impossible in such an extensive field of research. Several of the 

individual contributions, however, provide useful sources of 
information, particularly for those interested in ultrasound. 

M. JOINER 


Magnetic Resonance Imaging ( Principles and Applications). By 
David Kean and Michael Smith, pp. viu-- 161 +index, 1986 
(William Heinemann Medical Books Ltd, London), £27.50. 
ISBN 0-433-18265—2 

The stated aim of this book is to introduce both the physical 
and clinical applications of magnetic resonance imaging. The 
authors are a radiologist and phymcst with wide experience of 
using 8 low-field resistive maging instrument. 

The first half of the book is a lucid, non-mathematical 
description of the physica and technical aspects. The clinical 
applications are grouped in anatomical areas with approxi- 
mately half the images from the Edinburgh unit, the remainder 
being supphed by Hammersmith, Nottingham, Cleveland 
Climc and Univermty of California San Francisco. Image 
qualty is variable but the relevant abnormalities are clearly 
demonstrated. 

An introduction to a complex subject which crosses different 
spheres of interest :s very difficult, but the authors have 
succeeded. The publishers and pnnters should also be 
congratulated on the outstanding presentation of the text, 
illustrations and images 

“Anyone wanting an introduction to magnetic resonance 
imaging will find this book valuabie. 

C. E. L. FREER 
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A technique for delivering uniform dose at the junction of two spinal fields 
By *Andrew Wu, Ph.D., E. S. Sternick, Ph.D., tS. Shahabi, Ph.D. and R. D. Zwicker, Ph.D. 


Medical Physics Division, Department of Therapeutic Radiology, Tufts-New England: Medical Center, 
171 Harrison Avenue, Boston, Massachusetts 02111, USA 
X 


(Recerved February 1986) 


In the treatment of medulloblastoma and other 
malignant tumours of the central nervous system, often 
the entire spine must be irradiated as well as the cranial 
contents (Paterson & Farr, 1953; Bloom et al, 1969; 
Jenkin, 1969; Bloom, 1971). Because of the length of the 
spinal axis, it is sometimes necessary to use two, 
abutting fields in order to include the whole spinal cord 
in the treatment field. We report here the use of a 
simple wedge technique to provide a uniform dose at 
the spinal-field junction. Similar approaches to ensure 


* Author for reprints. 

{Supported by NCI Award (945T32-CA. 09045). Present 
address: Division of Climecal Cancer Center, Madison, WI 
53792, USA. 
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Fia. 1. 
Schematic design of the J-shaped junction wedge or “J wedge". 
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dose uniformity across the junctions of the multiple 
fields used during total lymphoid irradiation of 
Hodgkin's disease have been described previously by 
others (Armstrong & Tait, 1973; Griffin et al, 1976; 
Fraass et al, 1983; Doppke, 1983). 

The simple design of this J-shaped junction wedge (“J 
wedge") is shown in Fig. 1. Approximately 5 cm thick 
and 3 cm wide, the J wedge was cast from a low melting 
point lead alloy and mounted on plexiglass. It fits into 
the standard wedge slot of the Varian Clinac 4/100 
linear accelerator without interfering with the blocks or 
blocking tray. An important and distinct feature of the 
J wedge is that it is mounted with the thick edge 
downward so that the position of the light fleld on the 
wedge can be clearly seen. As long as the edge of the 
X-ray beam is in alignment with the top of the wedge, 
any variation in the size of the treatment fields results 
in very small changes in the length of the beam path 
traversing the wedge. Consequently, the same J wedge 
can be used for different fiekd sizes. 

The technique for using the wedge is illustrated in 
Fig. 2. First, the edge of one open field is marked on 
the patient's skin (8^). Next, the wedge is positioned at 
the abutting edge so that the edge of the light field is 
aligned along the top of the wedge and the projected 
shadow is marked on the skin (a). For the adjacent 
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Fig. 2. 
Schematic illustration of the clinical set-up using the wedge. 
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4 MV X Rays 


Two 8x28 cm flekis 
matched with J wedge 


Dose Profile 


field, the open field edge is simply matched to the 
shadow line, a, on the first field and the wedge is 
positioned as before, but in reverse position to match a. 
Dose profiles taken in a phantom for two adjacent 
8 cm x 25 cm fields with the J wedge in place show only 
small variations at the Junction region at depths ranging 
from 2 cm to 10 cm (Fig. 3). 

In summary, the J wedge provides a spinal cord 
abutment technique which generates dose uniformity at 
the field junction, reduces dose variation resulting from 
clinical set-up error and allows simplicity and efficiency 
in everyday use. 
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An improved system of customised photon shielding for radiotherapy 


By G. R. Plant, D. Challoner and D. A. L Morgan 
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A 


(Recerred January 1986) 


Modern radiotherapy requires accurate customised 
beam shielding. It has been shown (Griffiths & Pearcey, 
1985) that shielding blocks rigidly and precisely 
attached to the head of the treatment machine are the 
best way of achieving this. These blocks are usually 


produced by tracing the desired outline on a planning 
radiograph, and translating this geometrically to a 
styrene block, cut out correspondingly by a hot wire 
(Jones, 1971). A dense shielding medium is then poured 
into the cut-out spaces. 
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Problems have always been present in conventional 
designs of hot-wire cutter. The height of the cutting 
frame necessary to simulate focus-to-film distances 
(FFDs) in extended focus-to-skin-distance (FSD) 
treatments is often greater than normal ceiling height, 
particularly if a comfortable bench height is allowed for 
the operator. Also, on early cutters, the hot wire formed 
a section of flexible line from the focus/pivot to the film, 
and variation in length was accommodated by a spring 
or counterbalance (Edland & Hansen, 1969; Powers et 
al, 1973). Drag on the line during the cutting operation 
of this type of jig can cause gross errors in the styrene 
cut-out outline, particularly at extended FSDs (Paliwal 
& Asp. 1976). Attempts have been made (Sorensen & 
Goshaw. 1975) to minimise this effect by the use of a 
rigid cutting frame suspended from the pivot and 
incorporating a telescopic tracing stylus. The addition 
of a counterbalance above the pivot is a further 
modification, attempting to reduce the force required at 
the stylus and the consequent bending moment on the 
cutting frame. Although an improvement, this still 
allows errors in the cut outline, and again increases the 
height and complexity of the jig. Other solutions have 
in some way involved minifying the template or film to 
be traced. so reducing the tracer length below the 
styrene block. Tray shift techniques are generally 
complicated procedures despite the claim of simplicity 
(Douglas et al. 1984) and may introduce errors of 
divergence (Nair & Sadeghi, 1980). Scaled down 
outlines, for example by computer (de Vos, 1982), can 
be expensive and time-consuming procedures, 
introducing another level (scaling) at which errors may 
occur. 

Our solution to these problems has been to remove 
completely the hot-wire suspension from between the 
styrene block level and the film. This section is replaced 
by a variable-ratio pantograph (Fig. 1). so converting 
the vertical geometry of this section to horizontal. The 
main problems in more conventional cutting jigs are 
thus overcome. Firstly, the complete unit is contained 
on a bench-top at normal working height (Fig. 2). The 





FiG 
Close-up pantograph mechanism. 
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New jig. 


area used is about 100 cm x 150 cm and the maximum 
height from bench to pivot is 100 cm. Secondly, due to 
the rigidity of the pantograph main support bearing, 
considerable tension can be put on the cutter wire, so 
minimising drag at normal tracing speeds. Focus-to- 
shielding tray distances may be set to any position 
between the focus/pivot and the pre-determined 
pantograph cutter-wire attachment point. A single 
gauge, calibrated directly in FFDs, is used to make 
three necessary arm-length adjustments on the 
pantograph, and a transparent cursor moves freely over 
the film to trace shielding lines. 

The localisation film has lines applied in white wax 
pencil to give clarity without the necessity of a light box 
(although one could easily be incorporated in the table). 
The film is simply taped to the table with the field centre 
located under the cursor of the pantograph (previously 
set to the correct FFD and positioned at the central axis 
of the jig). A detent is provided for the central axis 
position. After setting the film the pantograph arm is 
moved to a position allowing insertion of the styrene 
block. which is located using one corner only as 
reference and clamped in the tray position. The corner 
reference is subsequently used in positioning the block 
for checking and casting. 

The styrene mould is taped to prevent alloy leakage 
and clamped to the casting base. The datum corner 
locates on two vertical edges. Screws are inserted from 
below through the most appropriate holes in the casting 
base to pierce the tape and protrude into the mould 
cavities (Fig. 3). New holes are drilled when required. 
The casting base and mould are positioned on the 
cooling plate before being filled with low-melting-point 
allov. A major difficulty we encountered was in 
controlling the cooling rate of the alloy; if this is not 
achieved, shrinkage voids occur, and X-ray 
transmission through the blocks increases. By 
regulating hot and cold water circulation through the 
cooling plate, the development of such voids is 
prevented. On setting, the alloy blocks are retrieved by 
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FiG. 3. 
Styrene cut-out and casting base with screws in voids. 


removing the screws and breaking away the styrene. 
The threaded holes remaining in the blocks enable 
fixing to a shadow tray ready for use on the treatment 
set. 

Shadow trays are standard and interchangeable on 
the Department's three linear accelerators, although 
mounting arrangements vary to accommodate different 
focus-to-mounting-ring distances. Holes on the shadow 
tray are jig drilled from the casting base by locating the 
tray accurately to the underside of the base. 

Alignment checks may be made at the styrene cut-out 
and the finished shadow tray stages. There is a risk of 
introducing alignment errors in simulating treatment set 
optical systems, and it has proven more accurate to 
make these checks on the treatment set for which the 
shield is intended, although a simple separate optical jig 
is available for convenience. 

The styrene cut-out is positioned on an adapted tray 
carrier, again using the datum corner for location, and 
the projected beam-defining light observed for 
coincidence with the original film shielding lines. True 
divergence is checked by applying a pointed instrument 
to the sides of the cut-out and observing the shadows 
cast. At the later stage a similar procedure is carried out 
but with the completed shielding tray in its head 
mounting attachment. 

The complete shielding system has now been in use 
for over 2 years. It has completely fulfilled the original 


requirements and has produced some unforeseen 
benefits. Due to the high accuracy and predictable 
operation of the hot-wire cutter, the alignment check on 
the styrene cut-out is now omitted and checks on the 
finished trays only are necessary. Errors in shielding 
outline are consistently within 0.5 mm of the original 
film outline and divergency errors are undetectable. 
These improvements are entirely due to the con- 
struction of the cutting jig allowing a rigidly supported, 
comparatively taut hot wire, and the ease of movement 
in the pantograph which allows the operator to trace 
the outline accurately and smoothly. 

The range of FFDs could be extended considerably 
without the cutting jig becoming unwieldy, although in 
this unit a maximum distance of 175 cm has been found 
adequate. 

Styrene blocks of accurate dimensions and squareness 
are often difficult to purchase or produce. The use of a 
datum corner only for location during the process 
simplifies the production of the block which requires 
only two sides to be vertical and mutually normal. The 
remaining shape is not critical beyond the required 
shielding areas. 

The advantages of using solidly mounted blocks have 
been realised and the range of applications is being 
extended. The technique is now being applied to 
multiple-field head and neck treatments, where varying 
gantry angles are set. 
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Computed tomography and sonography of cystic adventitial disease 
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Cystic adventitial disease (CAD) is an uncommon but 
important disorder, mainly of the vascular system. 
Usually, a single macroscopic mucin-containing cyst 
develops in a focal collection of microscopic cysts 
within the adventitia of a vessel, most commonly the 
popliteal artery. This disorder of unknown actiology 
has a strong male predominance (8:1 male: female 
ratio) and usually affects relatively young patients 
(mean age 42 years) who, therefore, present with 
intermittent claudication at an age younger than 
expected for degenerative arterial disease (Flanigan 
et al, 1979). 

Distinction from other causes of intermittent 
claudication, and in particular atheroma, is important 
as the prognosis of CAD is good and its treatment may 
differ. 

The typical angiographic appearances have pre- 
viously been described (Schlesinger & Gottesman, 
1976). During the preparation of this paper, two reports 
of the appearances on computed tomography (CT) and 
ultrasound have been published (Deutsch et al. 1985; 
Wilbur et al, 1985) and we wish to report a further case 
with similar findings. 


Case REPORT 
An essentially fit 49-year-old man presented with a 6-month 
history of left calf claudication (march tolerance 100 m). The 
patient was a non-smoker, of near average weight, with 


successfully treated mild hypertension. There was no history of 


local trauma. On palpation the left popliteal pulse was 
markedly diminished and the ipsilateral distal pulses absent, 
otherwise the physical examination and in particular, the rest 
of the cardiovascular system was normal. A full relevant 
laboratory screen was normal. 

A transfemoral aortogram revealed a smooth extrinsic 
impression on the proximal left popliteal artery (Fig. 1). There 
was no post-stenotic dilatation or atheroma, and good distal 
run-off was shown. The appearances were consistent with 
CAD: ultrasound and CT were employed to confirm this. 

Sonography of the popliteal fossa (Toshiba Sonolayer, 
3.5 mHz linear-array probe) in longitudinal and transverse 
planes showed a longitudinally orientated convex lesion of the 
antero-lateral arterial wall. There was a uniform coarse 
granular echo-pattern consistent with homogeneous soft tissue 
or viscid fluid (Fig. 2) 

Computed tomography of the (Picker 


fossa 


popliteal 


12008X), before and during an intravenous contrast bolus of 





*Author for correspondence. 


Urografin 310 (meglumine diatrizoate, Schering) showed a 
lesion, 4 cm long and 1.3 cm in diameter, arising in the arterial 
wall. Contrast-medium administration was needed to show the 
severely compressed arterial lumen (Fig. 3). The attenuation at 
the centre of the lesion was 25 HU and did not enhance, but at 
the periphery it increased from 30 HU to 50 HU. The origins 
of the paired superior geniculate arteries could be seen to be 
affected in the process 

At surgery, a typical lesion of CAD with the predicted 





Fic. 1. 


Arteriogram showing a 5 cm stenosis of the proximal popliteal 

artery (arrows). This is smooth, eccentric and with no post- 

stenotic dilatation or atheroma. There is no significant 
collateral circulation. Typical features of CAD 
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FIG. 2 
Longitudinal ultrasound scan showing a 5 cm x | cm biconvex 
lesion (C), in the antero-lateral wall of the popliteal artery 
(PA). Uniform coarse granular echo-pattern. (The degree of 
luminal stenosis was underestimated due to the obliquity of the 
scan plane.) 
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morphology was found. Due to the advanced state of the 
lesion with intimal damage, it was excised and a reverse venous 
homograft inserted (Fig. 4). Good distal flow was restored 
with relief of the intermittent claudication. 

Pathological examination revealed a single macroscopic 
mucin-containing cyst in a bed of adventitial myxoid cystic 
degeneration. There was subintimal dissection due to turbulent 
flow but no atheroma was found 


DISCUSSION 

The incidence of cystic adventitial disease has been 
reported as one per 1200 cases of intermittent calf 
claudication (Hamming & Vink, 1965) but its true 
incidence may be higher, some lesions being bypassed 
without direct inspection. on the assumption of an 
atheromatous aetiology. 

It is important to make the diagnosis of CAD prior 
to surgical intervention as the treatment of early disease 
is by cyst aspiration or deroofing. Cyst aspiration has 
traditionally been performed through an open incision 
in the calf but CT-guided aspiration has been reported 
(Deutsch et al, 1985) and ultrasound-guided aspiration 
should also be technically feasible. Ten per cent, 
however, may recur, when the above procedures can be 
repeated or excision performed. The prognosis of CAD 
is good compared with atheromatous disease, as the 
lesion is usually solitary 

Imaging of CAD is usually confined to femoral 
arteriography. The characteristic feature of the stenotic 
form is extrinsic smooth compression of the contrast 
column which mav extend to surround it. There is 
usually no post-stenotic dilatation or atheroma, but 
eventually turbulence will lead to intimal damage, 
thrombus formation and total occlusion. 


FIG. 3 


Axial CT showing both popliteal fossae 

The normal right popliteal artery (PA) 

and vein (PV) are clearly shown. The left 

arterial lumen (PA) is compressed by the 
cysl (€). 
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Excised specimen: incised and laid open longitudinally. A 
Ryle's tube has been placed along the lumen. The cyst (€) is 
seen in the arterial wall. 


Angiographically, the differential diagnosis of 
stenotic CAD is the extrinsic compressive lesions of 
thrombosed popliteal artery aneurysms, entrapment 
syndromes, Baker's cysts and also atypical non- 
ulcerating atheroma. Computed tomography and ultra- 
sound are valuable in differentiating the above from 
CAD. 

This is the second reported case of CAD where both 
CT and ultrasound have been employed in the pre- 
surgical diagnosis and the close similarity of imaging 


findings would suggest that the above features may be 
typical of this condition; either imaging modality may 
have therapeutic implications. 

We recommend ultrasound and CT of the popliteal 
fossa in cases of intermittent claudication when 
angiography suggests an extrinsic cause (particularly in 
the higher-risk group for CAD of relatively young 
men). firstly to establish the presence of a disease of 
lower morbidity and mortality and secondly as a 
possible aid to therapy. 
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Gas within the retroperitoneum is usually a sign of 
serious gastrointestinal or urinary tract pathology. 
Most commonly, it results from bowel perforation 
secondary to inflammatory or ulcerative disease, blunt 
or penetrating trauma or to iatrogenic manipulation 
such as double-contrast barium enema or colonoscopy 
(Lezak & Goldhammer, 1974; Peterson et al, 1982). 
Retroperitoneal gas may also result from pancreatitis 
complicated by bacterial infection or infection in the 
perirenal space (Meyers, 1974). It has also been 
reported as a complication of mechanical ventilation 
when. following alveolar rupture, air tracks into the 
mediastinum and then passes retrocrurally into the 
retroperitoneum (Powner et al, 1976). We wish to 
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report a case of pneumoretroperitoneum demonstrated 
by computed tomography (CT) which we believe to be 
the first case reported as a complication of iliac crest 
trephine. 


Case REPORT 
A 54-year-old woman presented with a left axillary mass. 
She was otherwise well, with no symptoms. Clinical 


examination revealed left axillary lymphadenopathy but no 
other abnormal physical findings. An excision biopsy of the 
left axillary nodes was performed. Histology showed a diffuse 
centroblastic, centrocytic non-Hodgkin's lymphoma. As part 
of the staging procedure for her lymphoma the patient had à 
bone marrow biopsy and a CT scan of the mediastinum and 
abdomen. 

Bone marrow trephine and aspirate was performed under 
full sterile conditions. The patient lay in the left lateral position 
and a Jamshidi needle was inserted under local anaesthetic to 
biopsy the marrow from the right anterior iliac crest. An 
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Computed tomography scan at the level of the right renal 
hilum shows posterior pararenal gas (arrows), enlarged para- 
aortic nodes (n) and left hydronephrosis (H) (L -- 40, W 512) 


adequate specimen of marrow was obtained with no immediate 
complications 

Twenty-four hours later the patients mediastinum and 
abdomen were examined using a Siemens Somatom Il CT 
scanner. The mediastinal appearances were normal. In the 
abdomen, in addition to showing para-aortic lymphadeno- 
pathy and an unexpected left hydronephrosis, the scan 
demonstrated locules of gas in the right posterior pararenal 
space extending on consecutive scans from the level of the right 
renal hilum inferiorly to the level of the iliac crest biopsy site 
(Figs | and 2) 

The patient remained asymptomatic after the CT examina- 
tion and has since commenced chemotherapy 
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DISCUSSION 

The retroperitoneum is divided by the anterior and 
posterior layers of the renal fascia into the anterior 
pararenal, perirenal and posterior pararenal spaces. The 
postenor pararenal space is bounded anteriorly by the 
postenor renal fascia, medially by the fusion of the 
transversalis fascia with the iliopsoas fascia and 
posteriorly by the transversalis fascia. The posterior 
pararenal space contains no organs and consists of only 
a thin layer of fat. The posterior pararenal space 
continues lateral to the lateroconal fascia as the 
propentoneal fat of the abdominal wall. Here it is 
visualised on plain abdominal radiographs as the "flank 
stripe. 

Gas within the posterior pararenal space is, in itself, 
somewhat unusual. As the duodenum, ascending and 
descending colon and pancreas all lie within the 
anterior pararenal space, gas from these organs 
preferentially localises in this compartment (Meyers, 
1974). Similarly, perirenal infection is, at least initially, 
confined by Gerota’s fascia. Posterior pararenal space 


gas, when seen, is most commonly due to rectal 
perforation or to gas tracking down from the 
mediastinum and in such cases is usually bilateral. 


Unilateral left posterior pararenal space gas may be 
secondary to sigmoid colon perforation (Mevers, 1976). 

In this case the gas was limited to the right posterior 
pararenal space and extended inferiorly to the level of 
the bone marrow biopsy site. Clinically, there was no 
bowel perforation and the patient's 
subsequent course was uneventful. Thus, it is most 
likely that the gas was air which had entered the 
posterior pararenal space as a result of direct 
penetration. of the trephine through the iliac crest 
(Fig. 3). In addition to recording a further cause of 
pneumoretroperitoneum, this demonstrates the 


evidence of 


case 





Scan 10 cm below that in Fig. | shows extensive gas in the 

posterior pararenal space (arrows) and further para-aortic 

nodes (n). At this level the perirenal space normally contains 
only fat (L+40, W 512) 


FIG 3 


Diagram showing postulated route of retroperitoneal! air 
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ease with which any infection introduced by iliac crest 
biopsy could be widely disseminated and emphasises the 
necessity for scrupulous sterile technique. 
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Percutaneous transhepatic cavography of dual obstruction of the inferior vena 


cava 
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Obstruction of the inferior vena cava (IVC) occurs in 
any segment, but more commonly in the infrarenal and 
diaphragmatic segments. However, occlusion in both 
segments has rarely been encountered. We have 
successfully opacified the intervening segment between 
two occluded segments, confirmed its patency and 
clarified its detailed anatomy by percutaneous trans- 
hepatic inferior vena cavography (PTIVC) in a patient. 


CASE REPORT 

A 32-year-old man presented with repeated episodes of 
thrombophlebitis in his lower extremities and prominent 
subcutaneous varices of the trunk. Laboratory data disclosed 
impaired hepatic and normal renal function: total serum 
bilirubin 2.9 mg/dl, direct bilirubin 1.6 mg/dl, alkaline phos- 
phatase 465 [U/1, leucine aminopeptidase 125 IU/I, 7-glutamyl 
transpeptidase 293 TU/I, glutamate oxaloacetate transaminase 
43 IU, glutamic pyruvic transaminase 26 IU/l, urea nitrogen 
15 mg/dl and creatinine 0.5 mg/dl. Computed tomography of 
the upper abdomen revealed extensive calcification of the wall 
of the IVC, and occlusion at the diaphragm (Fig. 1). The 
hepatic, renal and supradiaphragmatic segments were well 
opacified following an intravenous infusion of contrast agent. 
The hemiazygous and abdominal subcutaneous veins were 
dilated. Ultrasonography also showed occlusion of the IVC 
and patency of its hepatic and renal segments (Fig. 2). The 
IVC was not identified by radionuclide angiography. 

Inferior vena cavography was attempted via the femoral 
route. Because of multiple varices overlying the right inguinal 
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area and the right side of the abdomen, the left femoral vein 
was catheterised. The catheter did not pass into the IVC. Left 
external iliac venography revealed an obstruction of the left 
common iliac vein, a large communicating vessel between both 
internal iliac veins, obstruction of the right common iliac vein 
and extensive collateral veins over the abdominal wall (Fig. 3). 
Consequently, computed tomography of the lower abdomen 
was carried out. Complete occlusion of both common iliac 
veins and the caudal end of the infrarenal IVC with extensive 
calcification was clearly shown. Although the patency of the 
hepatic and renal segments had been disclosed by computed 
tomography and ultrasonography, detailed anatomy of the 
IVC was required to assess the possibility of surgical correction 
and transluminal angioplasty. 

Using a long 19-gauge needle with a Teflon sheath, 
percutaneous transhepatic puncture of the IVC was carried out 
under ultrasonic guidance in a similar fashion to percutaneous 
transhepatic portography. Contrast agent (30 ml) was injected 
through the sheath into the intervening patent segment of the 
IVC, which was clearly opacified together with both renal 
veins and tortuous retroperitoneal collateral veins (Fig. 4). The 
injection was repeated simultaneously with superior vena 
cavography via the jugular route, and biplane angiography 
was performed to reveal the occluded segment, measuring 
10 mm long at the diaphragm. The venous pressure of the 
intervening patent segment was 350 mm H,O. The sheath was 
withdrawn and gelatine sponge particles were injected into the 
needle track in the liver. 


DISCUSSION 
Although occlusion of the IVC is not rare, its dual 
obstruction in a patient has not been reported. 
Obstruction of the IVC may be due to the congenital 
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Computed tomogram ol the upper 
ibdomen. (A) Calcification of the dia- 
phragmatic segment of the IVC is shown 
(arrow), but the lumen is absent. (B) 





Renal segment is patent despite 
B extensively calcified wall 
FIG 2 


Sagittal cut of ultrasonography. Patency of the hepatic and 
renal segments of the IVC is confirmed. The IVC is narrowed 
towards the diaphragm 
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FIG., 3 
Late phase of left external iliac venography. Occlusion of both 
common iliac veins and extensive subcutaneous collateral veins 
are demonstrated 





a 


Fic. 5 
Simultaneous cavography disclosing that the occluded segment 
at the diaphragm is 10 mm thick 


absence of the hepatic segment (Anderson et al, 1961), 
congenital membrane (Hirooka & Kimura, 1970), 
thrombosis (Vujic etal, 1981), tumour thrombus 
(Madayag et al, 1979), or compression by an extrinsic 
mass. The calcification at the occluded diaphragmatic 
segment, repeated episodes of thrombophlebitis in the 
legs, a rather long occluded lower segment, and the 
coexisting occlusion of both common iliac veins 
(thrombophlebitis of which is a major source of 
pulmonary emboli (Mavor & Galloway, 1967)), suggest 
thrombosis complicating a congenital membrane as the 
most likely aetiology in this case. 

Catheterisation of the vena cava is easily carried out 
from above via antecubital or jugular routes and from 





FIG. 4. below via femoral or other ascending routes, when 
Renal and hepatic segments of IVC and retroperitoneal Occlusion is suspected. Dual occlusion of the IVC, 
collaterals are opacified on PTIVC however, requires a different approach in order to 
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clarify the detailed anatomy of the intervening patent 
segment and collateral veins. With experience from 
percutaneous transhepatic cholangiography and port- 
ography (Lunderquist & Vang, 1974), PTIVC can be 
safely carried out under ultrasonic guidance. Patency of 
the intervening segment is readily shown by computed 
tomography or ultrasonography. Its direct opacifica- 
tion, however, is necessary for detailed regional 
anatomy, and to show the length of occluded segments, 
the possible presence of a narrow communicating 
channel, and associated collateral vessels, and to select 
the treatment, which may be surgery (Iwahashi, 1981), 
transluminal angioplasty (Yamada etal, 1983), or 
medical care. Blood preasure in the intervening segment 
is also readily measured. Finally, this case stresses the 
neceasity of a complete survey of the lower as well as 
upper abdomen by non-invasive imaging modalities 
before angiography, whenever obstruction of the 
diaphragmatic segment of the IVC is suspected since 
another occlusion may coexist. 
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Therapeutic embolisation of renal arteries is well 
established in the management of renal cancer (Mazer 
et al, 1981). Various materials have been used and 
absolute alcohol, a relatively new agent, has been 
shown to be both effective and inexpensive 

et al, 1981). It is technically simple to use, with little 
hazard to the patient. We report a case in which we 
performed renal embolisation using alcohol as an 
alternative to surgery in the management of ureteric 
fistula. 


Case REPORT 
A 59-year-old woman was diagnosed as having a carcinoma 
of the cervix in 1981 and she received a course of radiotherapy. 
Exghteen months later she was admitted to hospital with 
symptoms and signs of peritonitis At laparotomy she was 
found to have perforation of the distal sgmoid colon resulting 
from radistion colita This was treated by transverse 
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colostomy and peritoneal toilet. Three months later a sigmoid 
colectomy was performed followed by closure of the 
colostomy  Post-operativdy, the patient developed severe 
frequency and urgency of micturition Intravenous urography 
showed normally functioning kidneys except for slight 
dilatation of the left minor calyces, but her bladder was 
severely contracted- and oedematous as a result of radiation 
cystitis, subsequently proved at cystoscopy. It was decided that 
urmary diverston offered the best chance of making the 
patient’s life more comfortable. 

At operation 1t was found rmpossible to mobilise the left 
ureter as it was embedded in dense fibrous tissue, again the 
result of irradiation. The small intestine was not suitable for 
the fashioning of an weal conduit for the same reason. A right 
ureterostomy was, therefore, performed and the left ureter tied 
three times with linen thread just above the iliac vessels. 

After a symptom-free interval of | week, the patient 
developed leakage of urine vaginally and was found to have a 
fistula between the left ureter and the vagina. The uretero- 
stomy, however, functioned well and continued to do so. The 
post-operative period was further complicated by a deep-vein 
thrombosis which was treated with anticoagulants and 
compression bandages. 


SEPTEMBER 1986 


Case reports 


Having had four operations in 8 months, the last being 
followed by a deep-vein thrombosis, the patient did not appear 
to be suitable, cither mentally or physically, to undergo further 
surgery. As there was satisfactory function of the right kidney 
it was decided to embolise the left kidney in an attempt to stop 
the leakage of urine per vaginam. This was successfully carried 
out under local anaesthesia by selective catheterisation of the 
left renal artery using a percutaneous femoral approach 
(Fig. 1). A post-embolisation angiogram showed stagnation of 
flow in the major arteries, truncation of segmental arteries and 
persistent parenchymal staining (Fig. 2). 

The patient was free from her distressing symptom of 
urinary leakage within 24 h. She experienced loin pain for 
about 3 days after the procedure, followed by nausea, vomiting 
and a low-grade pyrexia. These were treated conservatively 
and she made a satisfactory recovery. During the following 18 
months she remained free of urinary and cardiovascular 
complications 


DISCUSSION 
Various materials have been used to achieve 
permanent occlusion of renal arteries: Gianturco steel 
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Preliminary angiogram showing normal renal artery and tts 
branches 


coils (Mazer et al, 1981), bucrylate (Freeny et al, 1979), 
detachable balloons (White et al, 1979), autologous 
blood clot (Barth etal, 1977), absorbable gelatin 
sponge (Chuang et al, 1981) and gelfoam (Chuang & 
Wallace, 1981). Some of these agents are difficult to use 
while others have the potential danger of systemic 
embolisation with serious consequences. They have 
been employed mainly in the pre-operative management 
of the patients with renal carcinoma. 

Alcohol embolisation, which has been used only in 
recent years, is effective and inexpensive. The procedure 
is technically simple and easy to perform. As far as we 
are aware, alcohol embolisation has not been carried 
out previously in the management of ureteric fistula. 

We used 25 ml of absolute alcohol as embolising 
agent. This was injected in a fractionated dosage to 
minimise reflux. The volume of ethanol required for 
satisfactory embolisation was calculated from the body 
weight. A dose of | ml per 1.8 kg (4 lb) body weight is 
usually adequate (Ellman et al, 1981). We found it 
extremely useful to dissolve non-ionic contrast material 
in the ethanol prior to injection (Goldin et al, 1974) as 
fluoroscopic observation during the procedure is now 
considered mandatory (Ellman et al, 1981). As an 
indication that the amount and flow rate of ethanol was 
adequate, we observed (a) slowing of flow of ethanol in 





FiG. 2. 


Post-embolisation angiogram: note truncation of segmental 
arteries, stagnation and parenchymal staining. 
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the renal artery and (b) development of reflux without 
any change ın pressure or rate of injection. However, in 
the event of reflux of ethanol past the wedged catheter, 
the small amount entering the aorta or any other major 
artery should be rendered harmless by immediate 
dilution (Ellman et al, 1980) 

Renal embolisation has been shown to be a suitable 
alternative to surgery for various non-malignant renal 
lesions, for example gross haematuria due to arterio- 
venous malformations, trauma or hypertension after 
renal transplantation (Lieberman et al, 1983; Fletcher 
et al, 1984). This is a further demonstration that such a 
procedure is useful in the management of the poor-risk 
patient with a urinary fistula. 

Renal embolisation with alcohol may be carried out 
safely as an alternative method in the management of 
urinary fistula resulting from gynaecological and 
surgical procedures, especially if further surgical 
intervention is contraindicated. Assuming the avail- 
ability of a radiologist experienced in catheterisation, 
the only prerequisite is a normally functioning 
contralateral kidney. 
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A pain in the pelvis 
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A 36-year-old woman, whose only relevant past history 
was of a right tubal pregnancy, presented with a 6- 
month history of lower abdominal discomfort. Pelvic 
examination revealed a poorly defined mass in the right 
adnexal region, palpation of which induced para- 
esthesiae down the right leg. 

Chest and abdominal radiographs were normal, as 
was an excretory urogram. Pelvic ultrasound was 
performed (Fig. 1) and followed by computed tomo- 
graphy (CT) after oral contrast medium and a single 
injection of 40 cm? Conray 420 (May & Baker Ltd) to 
outline the distal ureters and bladder base (Figs 2, 3). 





Fic. | 


Transverse ultrasound scan above the pubic sy mphysis. 


What abnormalities are shown and what is your 
diagnosis? 





Fic. 2. 


A CT scan at same level as Fig. 1. 





Fic, 3. 


A CT section immediately above acetabulum. 
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Figure | shows two areas of reduced echogenicity 
lying behind and lateral to the bladder. A low-density 
mass is seen at these sites in Fig. 2, and the sacral 
foramina are large. Bilateral low-density masses are 
scen posteriorly in Fig. 3. 

The appearances are those of plexiform neurofibro- 
matosis, which is a form of generalised dysplasia of 
neuroectodermal and mesodermal tissue characterised 
by multiple nerve sheath tumours. Localised nervous 
tissue overgrowth may be fusiform and multiple in 
nature and form an intricate and communicating 
network, entrapping adjacent non-neural soft tissue. 
These lesions occur most commonly in the neck and 
limbs. and less often in the chest and abdomen (Kumar 
et al, 1983). 

After making the diagnosis radiologically. a single 
café-au-lait spot was found on the patient's back, and a 
localised thickening of a peripheral nerve could be felt in 
the right buttock (Fig. 4). 


DISCUSSION 
Neurofibromatosis (von Recklinghausen's disease) 
has characteristic clinical manifestations and rarely 
presents a problem in diagnosis. Skin lesions may be 
absent in 10% of patients with a proven diagnosis of 
neurofibromatosis and 30% of patients have between 





Fic. 4. 


A CT scan at a level above Fig. 2 shows displacement of the 

psoas muscles by lower-density soft tissue (small arrowheads), 

enlarged sacral foramina (large black arrowheads) and an 

enlarged soft-tissue density in the fat posterior to the nght 
ilium (white arrowhead). 


one and six café-au-lait spots (Crowe & Schull, 1953). 
All. except one, previously reported cases of pelvic 
plexiform neurofibromatosis have exhibited generalised 
disease including skin stigmas. Our patient had a single 
skin lesion but on CT showed the characteristic features 
and distribution of pelvic plexiform neurofibromatosis 
as previously described (Paling. 1984; Lanzieri & Hilal, 
1984). 

The presence of pelvic side-wall masses of high 
echogenicity in the absence of acoustic shadowing on 
ultrasound should suggest a fat-containing tumour. 

Simple and plexiform neurofibromas on CT have 
attenuation values of 20-30 HU and may enhance 
following contrast by 10 HU. When such lesions are 
homogeneous and have the distribution and configura- 
tion typical of neurofibromatosis, histological confirma- 
tion is unnecessary since it may be hazardous (Paling, 
1984). Low-attenuation areas may result from 
haemorrhage or necrosis developing in areas of 
sarcomatous degeneration within the mass (17-30 HU) 
(Coleman et al, 1983), a high content of lipid-rich 
Schwann cells within the tumour (5-17 HU) or fat 
incorporation within the tumour (— 50-0 HU) (Kumar 
et al, 1983). In general, the higher the fat content of a 
mass (Le. the lower the attenuation value). the less 
likely the mass is to be malignant. 

In this patient, since large areas of the mass exhibited 
attenuation values of —20-0 HU with no evidence of 
associated bone destruction, it was considered to be 
benign and biopsy confirmation was not sought. 
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Memoranda from the British Committee cn Radiation Units 


and Measurements 


Effective quality factor for neutrons 
(Received April 1986) 


The British Committee on Radiation Units and Measurements 
(BCRU) has taken note of the statement from the recent 
meeting of the International Commission on Radiological 
Protection in Paris (ICRP, 1985), which recommended that the 
effective quality factor, Q, for neutrons should be increased by 
à factor of two as compared with the values given in ICRP 
Publication 21 (ICRP, 1973). Having considered this state- 
ment, BCRU recommends that no change should be made to 
the quality factor for neutrons in radiation protection practice 
in the UK for the time being, that the quality factors should 
continue to be based on information in ICRP Publication 21, 
and that the quality factors used should be recorded from now 
on. 

There are two aspects to this recent ICRP recommendation 
about which BCRU feels some concern. 

(1) The ICRP has stated its intention. to undertake a 
further review of biological and other information: “The 
implications of this information will be considered as part of a 
larger review of recommendations to be undertaken by the 
Commission over the next four years or so" (ICRP, 1985). It is 
considered, therefore, that it would be premature to change 
this one figure when other recommendations may appear in the 
next few vears. 

(2) The biological action of neutrons is associated with the 
recoil nuclei and other charged particles released. It is not clear 
why the quality factor for neutrons should be changed while 
the quality factor for other particles, such as protons, 
deuterons, alpha particles etc., are not changed. 

There are also matters relating to the biological data and 
their interpretation that are outside the remit of BCRU, but 
which influenced its decision. In earlier publications ICRP 
have stated the following. 


"The values of Q and Q have been selected on the basis of 
relevant values of relative biological effectiveness but they 
also take account of the fact that dose-equivalent limits are 
based on extrapolations from higher absorbed doses at 
which the deleterious effects in man can be directly assessed. 
The values of Q are therefore nor necessarily representative 
of relative biological effectiveness for other observed 
effects, such as stochastic effects in animals at low levels of 
absorbed dose" (ICRP, 1977). 


Nevertheless, in association with their recommendation for 
changing the quality factor for neutrons, the ICRP referred to 
certain information in the statement from their 1985 Paris 
meeting: 


"The information now available on the relative biological 
effectiveness (RBE) for neutrons for a variety of cellular 
effects in vitro, and for life shortening in the mouse, is being 
reviewed by the Commission" (ICRP, 1985). 


—— - A (—— ——€ m—————— MÀ cree — 


Address for reprints and correspondence: J. E. Burns, 
Secretary, BCRU, National Physical Laboratory, Teddington, 
Middlesex TWI OLW. 
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Prima facie, there appears to be some inconsistency, since this 
statement appears to imply a change in the philosophy as 
regards the determination of quality factors. 

When preparing this memorandum, BCRU looked for 
guidance towards ‘hose organisations that have a direct 
concern with the biological effects of radiation and their 
interpretation. 

(1) A group of experts appointed under Article 31 of the 
Euratom Treaty has the responsibility for advising the 
Commission of the European Communities (CEC) on basic 
safety standards relating to radiation protection. It is 
understood that this group is not at present preparing any new 
recommendations which would lead to a modification of the 
Council Directive laying down the safety standards for the 
health protection of the general public and workers against the 
dangers of ionising radiation (CEC, 1981). 

(2) The National Radiological Protection Board (NRPB) 
has advised that any change in Q for neutrons should be 
delayed until the final ICRP decision is known (NRPB, 1986). 

(3) The Medical Research Council's Committee on Effects of 
lonising Radiation (CEIR) Radiation Biology Subcommittee 
has this subject or its agenda but has not yet made any 
comment or recommendation. 

There is an obligation now for all member states of the 
European Community to comply with Council directives. 
These cover many different fields, and one of them is 
radiological protection, for which the directive at present in 
force is the Council Directive of July 15, 1980 (CEC, 1981). In 
the context of this memorandum, this Directive. contains 
exactly the same numerical data as ICRP Publication 21 
(ICRP, 1973), on which it was based. At the moment it 
appears that other countries in the European Community are 
not going to take any action to change quality factors for 
neutrons. So, bearing in mind its concern regarding the recent 
ICRP (1985) recommendation and the lack of any evidence 
that emergency action is called for to change neutron quality 
factors, BCRU recommends that no change should be made to 
quality factors in the UK until the current Council Directive 
(CEC, 1981) is amended. 

At some time in the future a more consistent and accurate set 
of quality factors may become available. When this happens, 
BCRU will recommend and plan the implementation of the 
consequent changes in the UK, in collaboration with its 
European partners. In preparation for that time, BCRU 
recommends that, as soon as possible, dosimetry laboratories 
should make careful records of the quality factors that they 
have used in the past and those that are in current use. Also 
that in statements ef dose equivalent and its derived quantities 
in such things as personal dose records and published papers, 
the quality factors used should also be stated. Only in this way 
will it be possible to combine past and future dose records and 
achieve long-term consistency in radiation protection 
dosimetry. 

Although CEC (1981), based as it is on ICRP Publication 21 
(1973), contains data from which quality factors for different 
energies and types of radiations can be derived, all that many 
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workers need to know is that for photons and electrons ( 1s 
equal to unity, while for neutrons of unknown energy, O is 
equal to 10. In some circumstances it may therefore be easy to 
quote the actual values of the quality factors used, but in other 
situations it may be simpler to state that they were derived 
from data in the Council Directive of 1980 on radiological 
protection (CEC, 1981) Whatever type of statement is made, it 
must be unambiguous. 

BCRU will keep this question of quality factors under 
review, and will issue further memoranda when necessary. 

Membership of BCRU during the preparation of this 
memorandum was. T. E. Burlin (Chairman), R. J. Berry (Vice- 
Chairman), J. E. Burns (Secretary), D. M. Ackery, G E. 


Adams, J. A. Dennis, S. C. Ellis, K E. Halnan, J. R- Harvey, 
A. McNair, D H. Person, D. E Watt and T. O. Young. 
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New quantities in radiation protection and conversion coefficients 


(Recerred April 1986) 


In its Report 39 published in February 1985, the International 
Commusnon on Radiation Units and Measurements (CRU) 
put forward four new quantities for use in radiation protection 
from external sources (ICRU, 1985). The British Committee 
on Radiation Units and Measurements (BCRU) recommends 
that these quantities should be adopted for use in the UK, 
together with the conversion coefficients given in this 
memorandum 


DEFINITIONS 

For environmental and area monitonng, two quantities were 
defined by the ICRU 

The ambient dose equivalent, H* (d), at a point in a 
radiation field, is the dose equivalent that would be produced 
by the corresponding aligned and expanded field, in the ICRU 
sphere at a depth, d, on the radius opposing the direction of 
the ahgned field. The meanings of the terms expanded and 
aligned fields are discussed later in this memorandum. The 
quantity 1s suitable for measuring strongly penetrating 
radiation, using an instrument with an isotropic respo nsec A 
depth of 10 mm is recommended for H*(d), vicum may be 
written as H*(10) 

The directional dose equivalent, H'(d), at a point in a 
radiation field, 1s the dose equivalent that would be produced 
by the corresponding expanded field ın the ICRU sphere at a 
depth, d, on a radius in a specified direction. This quantity is 
suitable for measunng weakly penetrating radiation The 
instrument used will typically have a detector situated beneath 
a thin layer of plastic, and its response will not be isotropic. A 
depth of 0.07 mm is recommended for H'(d), which may be 
wntten as /7'(0 07). 

For individual or personal momtoring, the ICRU deflned 
two further quantities. 

The individual dose equivalent, penetrating, H d), 13 the dose 


equivalent in soft tasue below a specified point on the body at 
a depth, d, that is appropriate for strongly üng 
radiation. A depth of 10 mm 1s recommended for H,(d), which 
may be written as H,(10). 

The individual dose equivalent, superficial, H,(d), is the dose 
equivalent in soft tissue below a specified point on the body at 
a depth, d, that 1s appropriate for weakly penetrating 
radiation A depth of 0.07 mm 1s recommended for Hd), 
which may be wnitten as H,(0.07) 

In the above definitions, the ICRU sphere is a 30 œm- 
diameter, tissus-equivalent sphere with a density of 1 g/cm? 
and a mass composition of 76.2% oxygen, 11.1% carbon, 
10.1% hydrogen and 2.6% nitrogen (ICRU, 1980). 

In ICRU Report 39 (ICRU, 1985), strongly and weakly 
penetrating radiations are distinguished by tbe relation 
between skin dose equivalent and effective dose equivalent 
recerved by a body with a given onentation irradiated in a 
uniform and unidirectional field. Radiation is strongly 
penetrating if the dose equrvalent received by a small area of 
the sensitrve layer of the skin 1s less than 10 times larger than 
the effective dose equivalent. Conversely, radiation 18$ weakly 
penetrating uf the dose equivalent received by a small arca of 
the sensitive layer of the skin 15 more than 10 times larger than 
the effective dose equivalent 


CONCEPTS OF EXPANDED AND ALIGNED FIELDS 

In order to avoid many of the difficulties that had armen 
from the definitions of some earlier quantities proposed for use 
in radiation protection, two new concepts have been 
incorporated into the definitions of ambient and directional 
dose equivalent. 

The first concept 1s that of an expanded field This relates to 
the fact that the sensitive volume of a radiation dosemeter 1s 
often so smal] that it may be regarded as making a 
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measurement at a single point in a radiation field. In radiation 
protection, the measured value at this point is then used to 
infer what effect the radiation would have on a large body, 
such as a man, at the location of the measurement. The 
expanded-field concept simplifies this situation by assuming 
that the field over the whole irradiated body has the same 
fluence and energy distribution as the field at the point of 
measurement. In the definition of both ambient and directional 
dose equivalents, the irradiated body is a 30 cm-diameter 
tissue-equivalent sphere: a standard phantom intended to 
simulate a human trunk. 

The second new concept is that of an aligned field. Many 
instruments intended to be used for the measurement of 
strongly penetrating radiation are designed to have an 
isotropic response, i.e. to respond equally to radiation from all 
directions. This directional dependence will clearly be different 
from that of a dose equivalent quantity in a large body. For 
example, the response at a point | cm deep in a large body will 
be highest for those components of a radiation field that are 
incident through the nearest surface. In the definition of 
ambient dose equivalent, the concept of an aligned field is 
introduced; this has the same fluence and energy distribution 
as the actual field, but differs from it in that all the radiation is 
assumed to be from a single direction. The concept therefore 
has the effect of making this quantity correlate with a 
measurement using an instrument with an isotropic response. 
Another important and intentional consequence of the aligned 
field concept is that the ambient dose equivalent, H*(10), is 
unlikely to be less than the dose equivalent received from the 
actual radiation field at a point 10 mm beneath the surface of 
an irradiated body. 


CONVERSION COEFFICIENTS ( FACTORS) 

In view of the likelihood that it may be some time before any 
further information is published by ICRU on this matter, 
BCRU believes that it would be helpful to users in the UK at 
this time to provide conversion coefficients to enable 
calibrations in terms of the new quantities to be derived from 
those in quantities currently disseminated by national 
standardising laboratories. 

It would be unfortunate if national bodies adopted different 
approaches and different numerical data. The BCRU therefore 
welcomed the seminar on radiation protection quantities for 
external exposure sponsored by the Commission of the 
European Communities, the proceedings of which have been 
published in Radiation Protection Dosimetry, Vol. 12, No. 2, 
1985. One outcome of this seminar was formulae for deriving 
conversion coefficients for ambient and directional dose 
equivalent. Values derived using these formulae are given in 
the appendix to this memorandum. Should ICRU make 
recommendations on conversion coefficients (factors) in the 
future, BCRU will review the situation and issue a further 
memorandum. 


CALIBRATION PROCEDURES 

When an instrument which is always used free-in-air, such as 
an environmental monitor, is calibrated in H*(10) or H'(0.07) 
in a known radiation field and by application of the conversion 
coefficients given in the appendix, it should be calibrated free- 
in-air; the scatter from an ICRU sphere is already included in 
the conversion coefficients. In contrast, when personal 
dosemeters, which are always worn on the surface of the body. 
are calibrated in H,(10) or H,(0.07), the calibration should be 
performed on an appropriate phantom, or, alternatively. 
allowance should be made for the backscatter from the 
phantom. 
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For the calibration of personal trunk dosemeters on the 
surface of an appropriate phantom irradiated by a broad 
unidirectional beam normal to the surface, H,(10) may be 
taken as equal to H*(10). For the calibration of personal 
dosemeters on the surface of an appropriate phantom 
irradiated by a broad unidirectional beam of weakly 
penetrating radiation, H,(0.07) may be taken as equal to 
H'(0.07). 


RELATION TO DOSE-LIMITING QUANTITIES 

In environmental and area monitoring, the value of H*(10) 
at a point would not underestimate, nor seriously over- 
estimate, the effective dose equivalent that would be received 
by a person at that location. The value of H'(0.07) would give 
an estimate of the dose equivalent to uncovered skin. 

In individual or personal monitoring. the maximum value of 
H,(10) on the trunk may overestimate the effective. dose 
equivalent to that individual, but it will not underestimate it; if 
it is possible to identify the region of the body surface at which 
this maximum value occurs, a personal dosemeter should be 
worn there. A measurement of H,(0.07) would give an estimate 
of the dose equivalent to skin exposed to the same radiation 
field. 


RECOMMENDATIONS 

The BCRU recommends that the four new quantities defined 
in ICRU Report 39 should be adopted in radiation protection 
practice. In implementing this recommendation, in order that 
radiation protection dosimetry should be consistent through- 
out the UK, it also recommends that the conversion 
coefficients given in the appendix to this memorandum should 
be used when recalibrating existing instruments and when 
reporting or recording the results of measurements; they 
should also be used by manufacturers when designing new 
instruments. These recommendations do not preclude the use 
of other quantities in certain circumstances, such as fluence or 
air kerma for calibrating secondary standard or reference 
dosemeters. 

This memorandum  supersedes the previous BCRU 
memorandum on the subject (BCRU. 1982) which 
recommended an interim procedure to be adopted until the 
ICRU published details of the new quantities. 

More detailed information about the conditions of use of the 
conversion coefficients, and about such matters as the 
calibration of instruments and dosemeters for measuring the 
new ICRU quantities, should become available later from 
other organisations (e.g. NRPB, 1986). 

Membership of BCRU during the preparation of this 
memorandum was: T. E. Burlin (Chairman), R. J. Berry (Vice- 
Chairman), J. E. Burns (Secretary), D. M. Ackery, G. E. 
Adams, J. A. Dennis, S. C. Ellis, K. E. Halnan, J. R. Harvey, 
A. McNair, D. H. Peirson, D. E. Watt and T. O. Young. 


APPENDIX: CONVERSION COEFFICIENTS 

The conversion coefficients in this appendix enable cali- 
brations in terms of the new quantities to be derived from 
those in quantities currently disseminated by primary 
standardising laboratories. The recommended conversion 
coefficients for monoenergetic photons, neutrons and electrons 
result from a careful survey of all the calculated data available 
at the end of 1985. Data are also provided for beta radiation. 
For monoenergetic photons and neutrons, empirical 
mathematical functions have been fitted to available calculated 
data, weighted where appropriate. These functions are 
provided for the convenience of users, and they have no 


VoL. 59, No. 705 


BCRU memoranda 


physical or biological basis; their derivation is discussed by 
Wagner et al (1985). Tabulated values and graphs are derived 
from the formulae. 


Photon radiation 

For monoenergetic photons with energies between 10 keV 
and 10 MeV, the relationship between ambient dose equivalent 
at 10 mm depth, H*(10), and air kerma free-in-air, K,, is given 





by: 
H*(10) — X E 
MÀ € MM + darctan Sv/G | 
K, ~ ax? bxc arctan) y D 
where a= 1,465, b--4414, c=4.789, d — 0.7006, 


g — 0.6519, arctan is in radians, and x = In(E/E,). where 
E = photon energy (keV) and E, = 9.85 keV. This relationship 
is illustrated in Fig. 1, and some values are given in Table I. 
For unidirectional monoenergetic photons with energies 

between lO keV and 250 keV, the relationship between 
directional dose equivalent at 0.07 mm depth in the ICRU sphere 
on the radius opposing the direction of the incident radiation, 
H'(0.07), and air kerma free-in-air, K,, is given by: 

H (0.07) 

M —À = a bx e cx^exp(gx?) 


a 


where a = 0.9505, b = 0.09432, c 0.2302, d = 5.082, 
g = —0.6997, and x =In(E/E,), where E = photon energy 
(keV) and E, = 9.85 keV. This relationship is illustrated in 
Fig. 2, and some values are given in Table I. It should be noted 
that the conversion coefficients given by Equation 2 apply only 
for the simple irradiation geometry often used for calibrations, 
ie. unidirectional radiation with the reference point on the 
radius of the ICRU sphere opposing the direction of the 
incident field; values for other irradiation geometries are being 
derived and will become available later from other 
organisations. 


Sv/Gy (2) 


Neutron radiation 
For monoenergetic neutrons with energies between 0.025 eV 
and 20 MeV, the relationship between ambient dose equivalent 
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Fic. I. l 
Conversion coefficient H*(10)/K, for monoenergetic photon 
radiation calculated from Equation | and plotted against 
photon energy E. 
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TABLE I 
CONVERSION OF AIR KERMA TO AMBIENT AND DIRECTIONAL DOSE 
EQUIVALENT FOR PHOTONS OF ENERGY Æ, CALCULATED FROM 
EQUATIONS | AND 2 





E (xey) H*(10)/ K, (Sv/Gy) H'(0. ub /K, (Sv/Gy) 
10 0.01 0.95 
15 0.32 0.99 
20 0.60 1.05 
25 0.86 1.13 
30 1.10 1.22 
40 1.47 1.41 
50 1.67 1.53 
60 1.74 1.59 
70 I; 49 1.61 
80 1:72 1.61 
90 1.68 1.58 

100 1.65 1.55 
125 1.56 1.48 
150 1.49 1.42 
200 1.40 1.34 
250 1.35 1.32 
300 13] -— 
500 1.23 — 
662 1.20 xm 
1000 LE? — 
1250 1.16 a 
3000 1.13 - 
5000 LH == 
10000 1.10 "m 





Note: the values in Column 3 apply only for unidirectional 
photons and with the reference point on the radius of the 
ICRU sphere opposing the direction of the incident field. 
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Conversion coefficient H'(0.07)/K, for monoenergetic photon 
radiation calculated from Equation 2 and plotted against 
photon energy E; these values apply only for unidirectional 
photons and with the reference point on the radius of the 
ICRU sphere opposing the direction of the incident field. 


SEPTEMBER 1986 


BCRU memoranda 


at 10mm depth, H*(10), and neutron fluence free-in-air, œ., is 
given by: 


l a 
log, of H*(10)/6] = ce 
| d | h i 
lat — fe enn (3) 
| *exp(f—gx)  l-cexp(j —kx) 


where H*(10yó is in pSvem?, and a = 1.02, b = 0.0102, 
c = 0.208, d = 2.33, f= 9.56, g = 1.98, h= 0.187, j = 93.3, 
k = 13.1, and x = log, (E£), where E = neutron energy (eV). 
This relationship is illustrated in Fig. 3, and some values are 
given in Table IL 

No coefficients are given for the conversion of neutron 
fluence to directional dose equivalent, H'(0.07), since the skin 
dose is unlikely to be limiting for broad-beam irradiation by 
neutrons. The reason for this is that at no neutron energy is the 
ratio of the dose-equivalent at 0.07 mm depth likely to be 10 
times that at 10 mm, and current dose limits are such that this 
ratio must exceed 10 before skin dose is limiting. 


Beta radiation 

Table IH gives coefficients for beta radiation from a small 
plane source, to convert absorbed dose to air, D,. measured 
free-in-air, into directional dose equivalent at 0.07 mm depth in 
the ICRU sphere on the radius opposing the direction. of 
incident radiation, H'(0.07). The variation of this coefficient 
with maximum beta-ray energy 1s illustrated in Fig. 4. 

The values given here agree with those recommended for use 
with the three secondary standard beta-ray sources available 
from the National Physical Laboratory (Rossiter, 1986), and 
are based on recommendations put forward in three previous 
BCRU memoranda on protection-level beta-ray dosimetry 
(BCRU, 1974, 1977a,b) The basic recommendations still 
apply, that the primary standard should be an ionisation 
chamber measuring absorbed dose to air, free-in-air, but that 
recommended conversion coefficients should be used so that 
beta-ray dosemeters can be calibrated in terms of dose 
equivalent at the time of their calibration against secondary 
standard beta-ray sources. However, in order to bring them 
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Conversion coefficient H*(10)/¢ for monoenergetic neutron 
radiation calculated from Equation 3 and plotted against 
neutron energy £F. 


TABLE H 


CONVERSION OF FLUENCE TO AMBIENT DOSE EQUIVALENT FOR 
NEUTRONS OF ENERGY E, CALCULATED FROM EQUATION 3 


E H*(10)/ó (pSv cm?) 
0.025 eV 8.4 
0.1 9.6 
1.0 10.5 

10 9.4 

100 7.4 

S500 6.3 
1.0 keV 6.1 
20 6.2 
5.0 7.2 

10 9.4 
20 14.7 
24 17.0 
50 34.1 

100 keV 70.2 

144 100 

200 135 

230 161 

500 250 

565 265 
1.0 MeV 328 
1.2 345 
2.0 382 
25 393 
2.8 398 
5.0 415 

10.0 MeV 451 
14.8 533 
19 609 
20 615 
TABLE 1H 


CONVERSION OF ABSORBED DOSE TO AIR INTO DIRECTIONAL DOSE 
EQUIVALENT FOR BETA RADIATION 


0.1 0.10 
0.15 (! Pm) 0.22 
0.2 0.40 
0.3 0.72 
0.4 1.00 
0.5 1.16 
0.57 (24TH) 1.22 
0.6 1.23 
0.7 1.24 
0.8 1.25 
0.9 1.25 
1.0 1.25 
1.5 1.25 
2.0 (?9Sr + 99y) 1.25 





Note: the conversion coefficients apply only for beta radiation 
from a small plane source and with the reference point on the 
radius of the ICRU sphere opposing the direction of the 
incident field. 
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Fia. 4 
Conversion coefficient H” (0.07)/D, for beta radiation plotted 
against maximum beta-ray energy E,,, these values apply 
only for beta radiation from a small plane source and with the 
reference point on the radius of the ICRU sphere opposing the 
direction of the incident field. 


into line with the new ICRU quantities, the depth at which the 
dose equivalent is calculated has been changed from an 
average between 5mg/cm? and 10 mg/cm? to a depth of 
7 mg/cm? (0.07 mm) beneath the surface Some restrictions on 
the application of these coefficients are discussed in BCRU 
(19778). 


High-energy electron radiation 

It 15 unlikely that there will be many occanons when it 18 
necessary to measure the dose-rate in a high-energy electron 
beam for protection purposes. Moreover, no calibrations are 
available for protection-level dosemeters for these conditions. 
Data from Harder (1970) and Peixoto et al (1981) indicate that 
there is very little variation in the ratio of H*(10) to electron 
fluence with the of high-energy electrons. If it is 
required, it may be helpful in establishing a conversion 
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coefficient to note that a mangle value, 330 pSv cm?, may be 
used to convert electron fluence to ambient dose equivalent at 
10mm depth, H*(10), for electron radiation at all energies 
between 5 MeV and 50 MeV. 
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The diagnosis of thyroid disease is usually determined from 
planar gamma-camera images of the distribution of ??Tc* 
pertechnetate using a pinhole or parallel-hole collimator. The 
high magnification poesible for a small organ imaged with a 
pinhole colimator means that high spatial resolution is 
obtainable However, the three-dimensional spatial distn- 
bution of cold or hot regions withm the thyroid is difficult to 
determine. Pinhole camera images give only a qualitative 
indication of the functioning volume of thyroid tissue, a 
parameter vital for the eccurate dosimetry of radioiodine 
therapy. Clinical examination can give only a poor estimate of 
anatomical volume which may relate only indirectly to the 
volume containmg radioactivity. Hamburger and Hamburger 


(1985) have noted that dosimetry 1s often largely empirical due . 


to the difficulty of estimating the mass of thyroid tissue 
mr&diated. The limitations of planar scintigraphy can be 
overcome by performing tomographic imaging. It has already 
been shown (Ott etal, 1986b) that positron emission 
tomography of the distribution of '*1 within the thyroid can 
achieve a spatial resolution of the order of 1 cm throughout the 
section and yield an estimation of thyroxd volume with ~ 5% 
accuracy for uniform distnbution of tracer and ~ 12% 
accuracy for multinodular disease. The limiting factor affecting 
dosimetry was shown by this study to be estimation of the 
biological half-life rather than the error in estimating the 
volume of functioning tissue. Positron tomography may well, 
in time, replace gamma-camera SPECT because of increased 
resolution with depth, especially with the development of 
multiwire proportional camera systems and generator- 
produced positron emitters (Ott et al, 1986a). In the meantime, 
however, gamma-camera SPECT is the widely available 
tomographic modality for imaging the functional distribution 
of radionuclides. 

In this paper we demonstrate that SPECT can yield clear 
information on the three-dimensional distribution of thyroid 
disease and give an estimation. of thyroid volume. The 
technique used to determine functional volume is explained 
together with an estimate of the accuracy of the measurement. 


MATERIALS AND METHODS 

Data acquisition 

A special purpose collimator has been designed to perform 
SPECT in fan-beam geometry with the explicit am of 
improving spatial resdlution without sacrificing sensitivity. The 
collimator has holes which converge in the plane of rotation of 
the camera but which are parallel in the orthogonal direction. 
The focal length of the converging holes 1s 60.6 cm measured 
from the front surface of the collimator. The phymcal 
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performance of this collimator has already been reported 
(Broderick, 1984; Webb ex al, 1985a). In summary, using à 
radius of rotation of 25 cm the resolution was ~ 15 mm full 
width half maximum with little variation across the field of 
view. The volume sensitivity was some 30% greater than for a 
corresponding low-energy general purpose parallel-hole 
collmator. The limited field of view makes this approach 
valuable for small-part maging. 

For data acquisiton the collimator was attached to a 
GE 400A gamma camera interfaced to a GE STAR computer 
system A 20% pulse height analyser window was centred on 
the *"Tc* photopeak. Sixty-four views were acquired in 180° 
rotation with the arc of rotation extending from patient right 
to patient left symmetrically about the anterior view. This 
limited-angle SPECT acquisition scheme was used in pre- 
ference to & full 360° rotation because the thyro is close to 
the anterior wall of the neck. A simular rationale for using 180? 
acquisition arises in cardiac imagmg (Tamaki et al, 1982). Our 
experience in kver SPECT where semicircular arcs of full 360° 
acquisition data were reconstructed (Ott et al, 1983) has shown 
this to improve image contrast. The data were stored in 64 x 64 
matrices with a pixel size of either 6.4 mm or 3.2 mm, the 
latter bezng used if data were captured using a times-two zoom 
facility. The use of the latter was dependent on the apparent 
extent of the thyroid seen in pinhole imaging. Typically, 
between 100 MBq and 200 MBq of ?*Tc* were administered 
per patient and 64 projections of 15 s duration were collected 
The uptake in the thyroid ranged from 2% to 6%. Five 
patients were imaged and the i was verified by 
imaging phantoms (spheres of diameters 1, 2, 3, 4 and 5 cm 
and three-dimensional thyroid phantoms) containing known 
volumes of activity. 


Data reconstruction and display 

Before reconstruction, each dataset was corrected for 
camera non-uniformity and dnft of the electronic centre of 
rotation. For reconstruction and analysis, data were transfered 
from the STAR computer to a VAX 750 computer for which 
special purpose reconstruction software was written. 
Reconstruction was performed by a method of convolution 
and back-proyection in which the shape of the frequency 
window could be adjusted (Webb, 1982) In particular, the cut- 
off frequency, F, could be controlled mdependently of the 
shape of the roll-off of a Hamming frequency-window (W(F)) 


WP) = a (1—a) cos (xF/F,) 


where FL = y- F,, and F, 1s related to the reciprocal of the 
projection sampling interval. Detailed dependences on these 
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parameters have been published by Broderick (1984). For the 
reconstructions in this paper we set y = | and x = 0.54, and it 
was arranged that data up to the Nyquist frequency were 
optimally used by a suitable choice of F.. From each corrected 
dataset 64 transaxial slices were generated. In practice, 32 slices 
were reconstructed centred about the mid-line of the camera 
and these were then “stretched” to produce 64 slices with each 
slice repeated sequentially. The reason for this unusual scheme 
is to enable the reconstructed pixel size to be half the 
projection (detector) pixel size without incurring the penalty of 
a geometric distortion in the axial direction. Software was also 
constructed to generate coronal and sagittal datasets and, 
additionally, to interpolate 64x 64 images to 256x256 for 
display, 

For some purposes it was useful to visualise the external 
surface of the thyroid as a three-dimensional solid. Software to 
implement this has been constructed based on the package 
MOVIE. BYU from Brigham Young University. The software 
allows for the production of shaded-surface or wire-frame 
images. Three-dimensional images can be viewed from any 
orientation and dynamically rotated. 


Determination of thyroid volume 


The determination of functioning volume is hampered by 
several physical difficulties which lead to the classic problem of 
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determining the edge of a distribution in the presence of 
background. noise and finite spatial resolution. The simplest 
volume measurement arises from summing the volume of all 
volume elements (voxels) with reconstructed count value 
greater than some pre-set value, expressed as a percentage (T) 
of the maximum reconstructed value. The volume (V) so 
determined is clearly a function of T, but experience from 
positron tomography has led to the observation that the true 
volume occurs at a break in slope of the V versus T curve or 
correspondingly a change in the value of dV/dT (Webb et al, 
1985c). The same technique was applied to SPECT imaging. It 
was not appropriate to use the "two step" technique described 
by Lowry (1983) and Webb et al (1985b) as applied to 
estimating liver volume because of the relatively small size of 
the thyroid 


RESULTS 

Image data 

Typically it was found that the tomographic images yielded 
more precise depth information on the spatial location of 
disease. The spatial resolution within each tomographic plane 
was, however, inferior to that in planar pinhole imaging. In 
general, the coronal slices were most useful since the thyroid 
can easily be identified by its location relative to the uptake in 
the salivary glands and a sternal-notch marker. Summing the 


Fic. 1. Case 1. 


(A) Eight coronal slices, numbers 27-34, 
(B) summed coronal slices (over frames 
20-44), (C) pinhole planar image, (D) 3D 
NT shaded contour image. The slice numbers 
increase as the coronal images move from 
the most posterior to the most anterior 
slice. 
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information in contiguous coronal slices yielded an image 
similar to the pinhole image. In some cases it was possible to 
isolate a particular cold region to a small number of coronal 
slices. By making reference to the sternal-notch marker the 
precise depth of a region of interest could be determined. 

As a typical case study Fig. | illustrates these findings. In 
Fig. la are shown coronal slices 27 to 34 of Case 1. It can be 
seen that the right lobe is larger and lying further anteriorly 
than the left and that there is a cold region in the upper left 
lobe. The marker shows in slices 33 and 34. Figure IB shows 
the sum of the coronal data indicating much reduced contrast 
compared with the coronal slices. (These summed coronal data 
are the AP view which would be obtained if the photons were 
unattenuated.) Figure Ic presents the planar pinhole image for 
comparison. Figure 1D is a shaded-surface three-dimensional 
display of the whole reconstructed thyroid and is one "still" 
frame from the dynamic movie. This disease was confirmed by 
ultrasound imaging to be a multinodular goitre. 

Figure 2 illustrates Case 2, displaving a left lobe which is 
much hotter than the right. The right lobe only appears in five 
coronal slices (29 to 33) whereas the left lobe appears in 10 (26 
to 35). Since the slice thickness is 3.2 mm, approximate 
dimensions of the lobes are established. While the relative 
uptake of the two lobes can be found from the pinhole image 
(Fig. 2B) or the summed coronal image (Fig. 2c) (if it were 
assumed that the lobes were at the same depth), only from the 
tomographic data can one assess the precise location of the 
defect. The disease was a toxic left lobe. 
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Volume measurements 

It was found for all patients that the plot of volume versus 
threshold exhibited a break of slope at threshold 7, 
Furthermore, the value of 7, varied only marginally between 
42.8% and 45.2%. If the distribution in the thyroid were 
imagined to be a uniform spherical uptake of activity then one 
would expect (Webb et al, 1985c) that 


—V~-*3dV/dT = constant. 
Despite the obvious non-spherical shape of the thyroid, this 
was found to hold approximately for each of the five patients 
studied and for a range of threshold between 32% and 58%. 
The value of the constant was between 0.1 and 0.3. The 
behaviour of V and dV/dT versus T for Case | is shown in 
Fig. 3. This technique was used to estimate the volume of the 
thyroid and the data are shown in Table 1. The disease type is 
also indicated in Table I (CUS indicating ultrasound 
confirmation). The use of the "break-in-slope" method was 
confirmed by visually inspecting all the tomographic data 
when the appropriate threshold, 7,, was used. The value of 
(dV/dT), at the threshold 7, can be used to estimate the 
percentage error in the measurement of functioning volume 
and these data are also shown in Table I. Clearly, as the 
estimated volume increases, the error on its measurement also 
increases. 

The values of (dV/V);, are shown in Table I for an error in 
threshold of 1%. The percentage error in volume is 
approximately linear with threshold close to 7,. Hence, taking 
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FiG. 2. Case 2. 
(A) Four coronal slices, numbers 29-32, 
(B) pinhole planar image, (C) summed 
coronal slices (over frames 20-44). The 
slice numbers increase as the coronal 
images move from the most posterior to 
the most anterior slice. 
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(%) 
Fic. 3. Case 1 


Plot of V versus T and —V—43 dV/dT versus T. 


a mean value of (dV/V),, together with the range of values of 
the threshold T, the maximum error m volume estimation 1$ 
~ 14% for thyroids with volumes between 15 ml and 30 ml 


DISCUSSION AND CONCLUSIONS 

It has been shown that SPECT can usefully generate 
information on the distribution of uptake in the thyroid gland 
which cannot be obtamed by planar scintigraphy More 
miportantly perhaps, the tomographic data form the basis for 
estimating the functioning volume of the thyroid with 
approximately 15% accuracy In order to compute the dose to 
the thyroid in radioiodine therapy, all that ıs required in 
addition to the thyroid volume ts a measure of percentage 
thyroid uptake and biological half-life. The uptake is 
measurable to withm 10% and a biological half-life of 6 days is 
conventionally used (Pireda ot al, 1979). It ıs likely that the 
error in this assumption, however, 1s now the limiting factor 
affecting thyroid dosimetry. Before the development of 
tomographic maging methods (SPECT or PET), the function- 
mg volume was the principal unknown. Additionally there 
may be a difference m the functional volume given from 





TABLE I 
DATA PERTAINING TO THE MEASUREMENT OF FUNCTIONING 
VOLUME 
Case T, Vy — (dV/d Dy, (dV/V),, Disease 
(94) (mb (my%) '(*9) 
I 45.2 280 1.85 6.82 multinodular goitre 
(CUS) 
2 428 165 072 4.23 touc left lobe 
3 44.4 16.5 0.78 4.56 multmodular goitre 
4 432 195 1.1 6 39 multinodular gortre 
(CUS) 
5 442 22. 1.58 6 57 multiloculated cystic 
lesion 


CUS, confirmed on ultrasound image. 


analysing SPECT data umng °*Tc™ and the functional volume 
for 1odme dosimetry This is a further reason for establishing 
the measurement of volume using iodine-labelled positron- 
emitting pharmaceuticals High-energy SPECT 1s a possible 
compromuse, but again there are associated difficulties. 

We should like to add two riders to the proposed method for 
estimating functioning volume Firstly, from our experimental 
data using spheres of known volume, the value of T, giving the 
true volume has been found to vary between 39% and 43% for 
spheres whose diarneters are larger than the resolution of the 
SPECT data, but to 1ncrease to 50% for smaller spheres. The 
warning us clear for clinical work where the spatial extent of 
parts of a thyroid and/or its multinodular nature might lead to 
unresolved components of the mages. The vanation m T, 
almost certainly arises from this cause. Additionally, the break 
m slope 1s sometimes difficult to observe but, in the absence of 
any clearer cntenon, is the preferred technique for estimation 
of functioning volume. 

So far we have considered the use of the measured 
functional volume for estimation of whole thyroid radiation 
dose assuming a uniform uptake of the radionuchde m the 
funchoning tissue. Our mages show that in many cases the 
distribution is non-uniform and bence such estimation would 
give an average radiation dose to the thyroid. By using local 
regions of interest it 1s possible to delineate local regions whose 
uptake is increased or decreased and to calculate intrathyroid 
radiation doses using the volume and uptake values for such a 
region It should be emphasised, however, that using 
quantitative intrathyroid data 1s a non-trivial extension which 
nexis to consider the image degradation from photon 
attenuation and scatter together with any other features which 
lead to a loss of quantitation 


REFERENCES 

Bropenick, M D., 1984. An evaluation of a con- 
vergmg/paralle] collimator attached to a rotating gamma 
camera, for high resolution single photon emission 
computed tomography. M Sc Thesis, University of London. 

HAMBURGER, J. | & HAMBUROGES, S. W , 1985. Diagnosis and 
management of large toxic multinodular goiters. Journal of 
Nuclear Medicine, 26, 888—892. 

Lowry, C. A, 1983. The determination of organ volume, 
radioactive content and concentration using emission 
tomography M.Sc. Thoms, University of Surrey. 

Orr, R. J., BATEMAN, J. E., Barry, V., Cuack, R, FLOWER, 
M. A., Leaca, M. O., MARSDEN, P. K, McCaEADY, V. R, 
Wesa, S., SHARMA, H. & Swrra, A, 1986a. 3D positron 
emission tomography preliminary results British Journal of 
Radiology, 59, 419—422. 

OTT, R. J., FLowzER, M A., KHAN, O., KALIRAL T., WEBB, S, 
Leach, M.O & McCxzzADY, V R, 1983. A comparison 
between 180 and 360 data reconstruction m single photon 
emission computed tomography of the liver and spleen. 
British Journal of Radiology, 56, 931-937. 

Orr, R. J., Barry, V., Wess, S., Frower, M. A., LzaCH, 
M. O, Clack, R, Marspen, P K, McCreapy, V R, 
BATEMAN, J. E. SHARMA, H & Sworn, A., 1986b. 
Measurement of radiation dose to the thyroid using positron 
emussion tomography British Journal of Radiology, m press. 

PREDA, G, Gavra, H J, Rocna, A. F. & Hergert, J. C., 
1979. Textbook of Nuclear Medicine  Clmical Applications 
(Lea and Febiger, Philadelphia), pp. 30—35. 

TAMAKI, N., Murar, T , Imn, Y., Fuorra, T., YAMOMOTO, K, 
MiNATO, K., YONEXURA, Y., TAMAKI, S., KAMBARA, H, 
Kawal, C. & TO&IZUKA, K., 1982 Comparative study of 


954 


SEPTEMBER 1986 


Short communication 


thallium emission myocardial tomography with 180 and 360 
data collection. Journal of Nuclear Medicine, 23, 661—666. 
Wess, S, 1982. A modified convolution reconstruction 
technique for divergent beams. Physics in Medicine and 
Biology, 27, 419—423 

Wess, S., Broogricx, M. D. & Frowmr, M. A, 1985a. High 
resolution SPECT using divergent geometry British Journal 
of Radiology, 58, 331—334. 

Wess, S, Frowgr, M. A, Orr, R J. Lzacu, M. O, 
FIELDING, S., INAMDAR, R, Lowry, C. A. & Bronenicx, 
M D, 1985b. A review of studies in the physics of imaging 


by single photon emission computed tomography. Proceed- 
mgs of the Symposium Recent lopments m Medical and 
Physiological Imaging, April 1985, Ed. by M. R. Goff & R. P. 
Clark (Taylor and Francis Ltd, London). 

Wa, S, Orr, R. J, FLowrg, M. A, Leach, M.O, 
MARSDEN, P. K. & McC2EADY, V. R., 1985c. Verification of 
a technique for the measurement of functioning thyroid 
volume using positron emission tomography. Medical and 
Biological Engineering and Computing, 23, Suppl. 2, 
1397-1398 


955 


Vor. 59, No. 705 


Book reviews 


Handbook of Radiologic Orthopaedic Termmology. By R. F. 
Kikoyne and E. Farrar, pp 144-rindex, 1986 (Year Book 
Medical Publishers Inc., Chicago), £16.50. 

ISBN 0-8151—5030—X 

The prce of £16.50 may seem a lot to pay for ths 
economically produced, slim softback, especially as it consists 
amply of hne drawings and a “typewriter” style of text. 
However, the contents are worth every penny, providing a lst 
of orthopaedic terms illustrated by line drawings. Where 
relevant, there are brief descriptions of the mechanism of 
injuries and the importance or otherwise of complete reduction 
of fractures or dislocations. Thus, when reporting metacarpal 
fractures, the authors explain why 40° of angulation is 
acceptable m fractures of the fifth metacarpal, whereas 
fractures of the second and third require complete reduction. 
The amount of space devoted to a region depends entirely 
on the number of descriptive and eponymous terms associated 
with it. Thus, the upper limb needs 50 pages whereas the spine 
receives only five. However, those five pages save us hunting 
through a major work to remimd us of such terms as a Chance 
fracture. Particularly valuable is a clear description of the 
principal pelvic fractures, a frequent pitfall for the unwary. 
In addition to trauma there are, for example, drawings of 
the arches and angles of the foot, helping us to distinguish our 
pronated feet from our rocker-bottoms. After reading this 
book we can talk with renewed authority about self-tapping 
screws, gamekeeper’s thumbs, not to mention that up-market 
lesion, the chauffeur’s fracture. 

The authors armed at producing a “quick reference wade 
mecum", and in this they have succeeded admurably. Every 


956 


trainee should have access to it when he starts reporting 
fractures and with it he will be able to beat those inveterate 
name-droppers, the orthopeedic surgeons, at their own game, 
without getting a swan-neck deformity, or a midnight fracture. 

J. T. PATTON 


Pocket Atlas of Rhewmatology. By Dieter Wessinghage, pp. 
vu 4-230, 1985 (Georg Thieme Verlag, Stuttgart), DM 30. 
ISBN 3-13—671601-9 
This 1s a compact book of unusual type. It is aimed at non- 
rheumatologists and uw à pictorial guide to the features that 
may be found in the joints and tendons in various forms of 
arthritis. There is a bref commentary accompanymg the 
illustrabons However, it 1s for the quality of the pictorial work 
that this book is notable. The illustrations, by the author, are 
superb, demonstrating the clinical, surgical and pathological 
features very well This is probably the best illustrated book I 
have seen on rheumatology. Radiologists will find the 
radiographs clear but uneaciting 

There 1s an interesting section on historical landmarks in the 
carly description of these diseases and a series of tabkes 
illustrates the continental system of staging their progression. In 
summary, it a book for a quick browse to remind one of the 
various features of arthritis, tendonitis and bursitis, but not of 
the systemuc aspects of rheumatology. 

P J. L. Horr 
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Metastatic carcinoma from unknown primary site 


THE EDITOR—-SiR, 

Snee and Vyramuthu (1985) report the clinical course and 
impact of treatment of patients presenting with metastatic 
carcinoma from an unknown primary site. In the treatment of 
bone pain by local radiotherapy they suggest from a 
retrospective review of the case notes that fractionated 
radiotherapy is superior to single-dose treatment, with a 
response of 90% compared with only 25%, respectively. 

A prospective randomised trial has recently been completed 
at the Royal Marsden Hospital comparing a multiple-fraction 
regime of 30 Gy in 10 daily fractions with a single fraction of 
8 Gy for the relief of metastatic bone pain (Price et al, 1986). 
In 288 randomised patients with bone pain, evaluated using a 
self-assessment questionnaire, no significant difference was 
found in incidence, duration or quality of pain relief. 

The difference in results between the data from Edinburgh 
and our own may reflect in part the problems associated with 
the assessment of pain by retrospective case history review. It 
is also important to consider criteria for selection for single- 
fraction treatment, which, outside a randomised study, is often 
reserved for elderly or moribund patients. In addition, the 
numbers of patients receiving either single- or multiple-fraction 
treatment and more detail of the doses used would be of value 
before attributing difference in response to the different dose 
prescriptions alone. 

Clearly the use of a single-fraction treatment for bone pain 
has considerable advantages for both the patient and the 
radiotherapy department and it is important that its efficacy is 
properly evaluated. The treatment of bone pain should be 
disunguished from that of the complications of bone 
metastases such as cord compression and pathological 
fracture. On the basis of a large prospective randomised study 
at the Royal Marsden Hospital, we suggest that treatment with 
a single fraction of 8 Gy has an important role in the palliation 
of bone pain. 

Y ours, etc., 
P. PRICE 
P. J. HOSKIN 
J. R. YARNOLD 
Radiotherapy Section, 
The Royal Marsden Hospital, 
Downs Road, 
Sutton, 
Surrey SM2 5PT 
(Received February 1986) 
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( Author's reply) 


THE Epiror——Sir, 

Price et al point out the numerous difficulties in drawing firm 
conclusions from data abstracted retrospectively from case 
notes. Such difficulties are especially pronounced in assessing 
such a subjective end-point as pain control. 

However, I can confirm that there was no significant 
difference in the proportion of patients of poor performance 
status which was given single-fraction treatment, compared 
with those patients given fractionated radiotherapy; 62% and 
54% in each group being of poor performance status, 
respectively. As regards dose prescribed, all but one patient out 
of 29 given a single exposure received 1000 cGy or more and 
the majority (86%) given fractionated treatment received 
2000-2250 cGy in five fractions. Nevertheless, I cannot 
disprove the contention that other factors rather than the dose 
prescribed accounted for the differing response rates between 
the two groups. We fully accept that the data produced by a 
prospective randomised study, such as that performed by Price 
etal, are more reliable than those produced from a 
retrospective survey. 

However, a recent reanalysis of the large Radiation Therapy 
Oncology Group study on the palliation of bone metastases 
does suggest there is a dose-response relationship in pain 
control when both subjective response and analgesic consump- 
tion are taken into consideration (Blitzer, 1985). This study 
unfortunately did not have a single fraction as a treatment 
option. We therefore await with interest the detailed results of 
the Marsden study. 

Yours, etc. 
M. P. SNEE 
Glasgow Institute of Radiotherapeutics and Oncology, 
Western Infirmary, 
Glasgow G11 6NT 
(Received March 1986) 


REFERENCE 
BLITZER, P., 1985. Reanalysis of the RTOG study of the 
palliation of symptomatic osseous metastasis. Cancer, 55, 
1468-1472. 


The radiation dose to an infant following maternal 
radiopharmaceutical administration 


THE Epiror-—Sir, 

Recommendations for interrupting breast feeding following 
maternal radiopharmaceutical administration have to be based 
on measurements of the excretion of radioactivity in human 
breast milk (Ahlgren et al, 1985; Coakley & Mountford, 1985). 
Following an '!!In-labelled leucocyte scan (ILLS), Butt and 
Szaz (1986) found from two measurements of breast milk 
radioactivity that the concentration of !!!In at 20 h after re- 
injection was greater than the concentration of activity at 6 h. 
Their low concentrations of activity were similar to our own 
earlier measurements of !!!In in breast milk following an ILLS 
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TABLE I 


ABSORBED DOSE (CCAD) To AN INFANT CUDDLED FOR 20 MIN IN EVERY HOUR ASSUMING THE DOSE-RATE WAS AT A MAXIMUM 
IMMEDIATELY AFTER INJECTION WHEN CUDDLING WAS STARTED (TAKEN FROM MOUNTFORD & COAKLEY, 1986) 





Sean Administered Compound Absorbed dose (mGy)* 

activity 

(MBq) Right Midline Left 

breast (navel breast 
Brain 550 To™ gluconate 0.42 0.32 0.52 
Lung 37 ?"Tc"-DTPA (aerosol) 0.05 0.04 0.08 
75 9"Tc"-MAA 

Bone 550 ??Tc"-medronate 0.26 0.23 0.25 
Leucocyte 14 'T'Tn-leucocytes 2.10 0.40 1.37 





*At these sites on a mother’s skin surface. 


(Mountford & Coakley, 1985). In addition, our study showed 
that the activity concentration peaked at about 12 h after re- 
injection and, thereafter, decayed monoexponentially with an 
effective half-life of 82 h. We also agree with their conclusion 
that, for uninterrupted feeding, the total activity ingested by an 
infant would be considerably less than one-tenth of the annual 
limit of intake for a newborn infant. 

However, when an infant is held in close contact by its 
mother after radiopharmaceutical administration, it will also 
be exposed to radiation emitted from radioactivity retained by 
the mother. We have made some preliminary estimates of the 
potential close-contact absorbed dose (CCAD) received by an 
infant due to cuddling, by exposing some LiB thermolumines- 
cent dosemeters (TLD) at three different sites on the surface of 
four female patients (Table D) These sites corresponded 
approximately to the position of the head and lower limbs of 
an infant while being cuddled. The method used to derive the 
CCAD from the TLD exposures is given in detail elsewhere 
(Mountford & Coakley, 1986). The values of CCAD given in 
Table I assumed that cuddling was resumed immediately after 
injection, that the infant was held in close contact for 20 min at 
the start of each hour, and that the surface dose-rate decayed 
at the same rate as the radionuclide's physical decay constant. 

The anatomical distribution of CCAD was dependent on the 
radiopharmaceutical administered and its redistribution with 
time. The CCAD for a ?°Tc™ lung scan was much less than the 
ingested dose from radioactivity excreted in breast milk for 
uninterrupted feeding (Ahigren et al, 1985). The CCAD for a 
?9Tc" bone scan exceeded the ingestion dose (Ahlgren et al, 
1985), but was only 5% of the dose-equivalent limit for a 
member of the public. There are no published data describing 
the excretion of radioactivity in breast milk following injection 
of °°Tc™-gluconate. However, measurements following injec- 
tion of another renal agent, ""Tc"^-DTPA, have shown a very 
low excretion in breast milk (Ahlgren et al, 1985; Mountford 
et al, 1985), so the CCAD estimated for a gluconate brain scan 
will probably exceed the ingested dose. Although the ingested 
doses from the latter two types of ?°Tc™ scans are very low for 
uninterrupted feeding, we normally recommend an interrup- 
tion to feeding of 4 h in order to provide some reassurance to 
the mother (Coakley & Mountford, 1985). A similar 
interruption to cuddling during this period will decrease the 
CCAD by 35%. 

Despite its low administered activity (14 MBq), the ILLS 
produced the greatest CCAD, with the value for the right 
breast site being 40% of the limit for a member of the public. 


Therefore, although the ingested activity after an ILLS does 
not warrant interruption, we consider that close contact 
between mother and infant should be restricted, If, as before, 
breast feeding was resumed at 4 h after reinjection of !!!In- 
leucocytes, then advising the mother to cuddle her infant only 
at feeding times (£e. 20 min every 4 h) for the first 3 days after 
re-injection will reduce the CCAD by about 40%. 

Finally, it is stressed that an infant will still receive a 
radiation dose from cuddling even if the mother is not breast 
feeding her infant. 

We are grateful to Mr B. F. Wall of the National 
Radiological Protection Board for reading the TLD. 


Y ours, etc., 
P. J. MOUNTFORD 
A. J. COAKLEY 
Department of Nuclear Medicine, 
Kent and Canterbury Hospital, 
Ethelbert Road, 
Canterbury, 
Kent CTI 3NG 
(Received March 1986) 
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Ultrasound of the hip in childhood 


Tre Eprror—Sir, 

We read with interest two articles (Adam ct al, 1986; Peck, 
1986) on the subject of ultrasound of the hrp in childhood. We 
are pleased to see that others consider this technique of value 
and that their findmgs agree broadly with those that we 
described in January 1984 (Wilson et al, 1984). We are pleased 
to see that both articles now document our impression that the 
plain-fllm signs of effusion are very inaccurate and that 
ultrasound findings correlate well with that of diagnostic 
aspiration We note that both papers describe the technique of 
scanning m a plane parallel to the femoral neck to detect 
displacement of the antenor capsule without acknowledging 
that this 1s identical to the method that we described in 1984 
Dr Peck describes irregulanty of the femoral head (mdicated 
by an arrow in Fig. 4 of his article) indicating that this a sign 
of Perthes’ disease. In fact the structure indicated is the 
irregular bony contour of ossification m the femoral capital 
epiphysis which is deep to the cartilaginous coating of the 
femoral head. We bave also observed this type of irregularity 
in normal epiphyses and :t does not necessarily indicate 
. osteonecrosis. Arthrography may well demonstrate an intact 
cartilage In answer to the question regarding Perthes’ discase 
we have seen a number of patients m our 4 years of practice 
with this technique who presented with an irntable hyp, 
demonstrated an effusion on ultrasound and later developed 
the radiological changes of Perthes’ disease. 

Although we are delighted to see publications on the subject 
of ultrasound of the hip, we would prefer to see authors 


tackling new aspects of the subject. 
Yours, etc., 
D. J. WILSON 
D. J. GREEN 
The Nuffield Orthopaedic Centre, 
Headington, 
Oxford OX3 7LD 
(Received April 1986) 
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Economics of xenon 127, xenon 133 and krypton 
81m for routine ventilation imaging of the lungs 


Tug Eprrog-Sr, 
In response to the letter from Nimmo et al (1986), perhaps we 
might bnefly make two points. 

(i) Steady-state "Kr" does reflect regional ventilation at 
normal and low ventilatory turnover where there w a straight- 
line relationship between *!Kr" signal and ventilation (Fazio 
& Jones, 1975). At higher specific ventilation, the relationship 
is less linear but surely that does not matter. It is regional 
decreased ventilation you are looking for. 
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(ii) Only 15-20% of patients referred for lung scans will 
have pulmonary embolic disease Most of the remainder will 
have evidence of acute or chromic lung disease often not visible 
on the chest radiograph. Are we to abendon this population of 
patients or try to asseas the nature and seventy of therr lung 
disease? When we do bone scans we do not ignore 
abnormalities simply because they are not due to metastatic 
disease. Why in lung scans should we adopt so hmited an 
approach to the study of lung disease? To study regional lung 
function, one needs both ventilation and perfumon images. 
There should be multiple images and they should be 
comperable. 


Yours, etc., 
J. P. FINN 

J. P. LAVENDER 
Royal Postgraduate Medical School, 
Hammersmith Hospital, 
London W12 0HS 
(Recerved April 1986) 
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Acute focal bacterial nephritis 


THE Eprror——Si, 

Following the paper by McKinstry (1985) on acute lobar 
nephronia in children, we can add three further paediatric case 
reports of acute focal bacterial nephritis (AFBN), a descriptive 
term which we prefer Two of these may be found in a 
publication to which reference is made in one of the papers 
(Rosenfield et al, 1979) cited by the author, while the other 
case was reported by us (Lawson et al, 1985). 

Lebowitz et al (1977) report two children, one of whom had 
no vesico-uretenc reflux (YUR) on micturatmg cystourethro- 
graphy (MCU), while the other had VUR and severe 
pelviureteric junction. (PUJ) obstruction in the kidney with 
AFBN. These were said to be illustrative examples and the 
paper suggested that most children with renal parenchymal 
infection do not have an underlying renal tract abnormality, 
but are either completely well or have a minor, remote focus of 
infection Unfortunately this classification was not substan- 
tiated by the age or numbers of subjects who had been studied, 
nor by the investigations carried out upon them, and so its 
validity cannot be confirmed Permission for micturating 
ia ad was not granted for our patient (Lawson et al, 

985). 


In contrast to the above hypothesis, others have suggested 
VUR as being important in the pathogenesis of AFBN in 
children. The clinical evidence supporting this comes from five 
published reports, summarised in Table I 

Of the 10 case reports, mx children hed VUR but one of 
these also had a severe PUJ obstruction and another an 1ileal- 
loop drversion. One child was shown to have no reflux, while 
the remaining three children (of whom one was a 17-year-old 
diabetic) did not have MCU It is known that girls have three 


times as many urinary tract infections as boys and yet the sex — 


e” 
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TABLE I 
Author Sex Age ABFN Result of MCU Other abnormalities 
(years) affected 
kidney 
Lebowitz M 7 Right No reflux 
Lebowitz M 10 Right Right-zided VUR Right-sided severe PUJ 
obstruction 
Rosenfield ? 14/52 ? One of these children had 
bilateral VUR 
Rosenfield ? ? ? —the other did not have 
MCU 
Siegel F 84 Right Right-mded VUR Reflux from fleal-loop 
diversion 
Siegel F 6 Right Right-sided VUR 
Siegel F 5 Right Right-aded VUR 
Siegel F 17 Left Not done Diabetic 
Lawson M Irs Right Not done 
McKmtstry M 3 Right Bilateral VUR 


incidence in eight cases was equal. This would support the 
theory that there is probably an underlying abnormality, such 
as VUR, which must be present with infected urine before 
parenchymal infection occurs. We agree with Dr McKinstry 
that MCU should be performed to select those who need 
prophylactic antibiotic treatment as well as giving further 
evidence in determining the pathogenesis of this disease. 

We were interested by Dr McKinstry's negative computed 
tomography (CT) findings, particularty as Hoddick et al (1983) 
have found this a more sensitive investigation. Dr McKinstry 
does not state whether intravenous contrast medium was given 
and we wonder whether the CT was negative for this reason 
In our case CT was done to investigate the possibility of a 
tumour and was invaluable when post-contrast scans showed a 
wedge-shaped defect involving both cortex and medulla, 
charactenstic of AFBN. Nevertheless we agree that ultrasound 
1s the initial mvestigation of choice although it would appear 
msensitrve in the detection of scarring. 

Yours, etc., 
G. R. LAWSON 
*F E WHITE 
tJ E S Scorr 
Department of Child Health, 
University of Newcastle-upon-Tyne, 
*Department of Radiology, 
Newcastle General Hospital and 
{Department of Surgery, 
University of Newcastle-upon-Tyne 
(Recetved March 1986) 
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(Author's reply) 


THE Eprror—Sir, 
I would like to thank Drs Lawson, White and Scott for their 
interest and for drawing attention to the three further reports 
of acute lobar nephronia (ALN) in the literature, including 
their own recent case 
In the case which I described, CT was performed without 
contrast. It was felt that repeating it with contrast was not 
justified, since the plain scan had excluded a tumour by 
demonstrating obvious resolution of the upper-pole swelling, 
seen on ultrasound However, I agree that a post-contrast 
study might well have shown changes indicative of ALN. 
Yours, etc. 
C. S. McKinstry 
Department of Radiology, 
Royal Victona Hospital, 
Belfast BT12 6BA 
(Received April 1986) 


Conversazione 


The 1986 Conversazione, the annual 
occasion for Institute members and their 
families, staff and friends to enjoy both 
science and supper together, was held 
on June 19 in the beautiful surround- 
ings of the newly rebuilt Royal Society 
of Medicine. Over 100 people attended 
and generous support was given by 
AXrEM and Kodak 

The evening began with a sherry 
reception in the sunlit atrium before 
guests moved on to the lecture theatre 
where Professor Peter Wells presided 
over the proceedings. 

Professor lan Isherwood introduced 
“The many worlds of Britain’, an 
audio-visual spectacular based upon 


the presentation of the British 
Radiology Delegation to the Inter- 
national Society of Radiology in 


Honolulu last year, in support of its bid 
to bring the International Congress of 
Radiology to Britain in 1989. 

Richard Gregory, Professor in Neuro- 
psychology and Head of the Brain and 
Perception Laboratory at the University 
of Bristol, gave the BIR Silvanus 
Thompson Memorial Lecture, "Seeing 
through illusion". This fascinating 
examination. of the physiology and 
psychology of vision was not, as 
Professor Gregory said, “radiology”. It 


did, however, touch meaningfully upon 
imaging and, in particular, the per- 
ception of images. The full text of the 
lecture will be published in the British 
Journal of Radiology. 

Following the lecture, Professor Wells 
presented the BIR Awards for 1986: the 


September 1986 


Barclay Medal to Dr D. K. Bewley, the 
Rontgen Prize to Professor N. M. 
Bleehen and the Barclay Prize to 


Professor M. N. Maisey. The evening 
was pleasantly prolonged with a wine 
and buffet supper 





Professor Wells (left), Professor Gregory and an illusion. 
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Obituary 


Professor Harold A.B. Simons, 
M.A., Ph.D., F.iInst.P. 

The sudden death of Harold Simons on 
February 13, 1986 brought to an 
untimely end one of the pioneers of 
physics in medicine in this country. 

For more than three decades he was 
an influential figure in academic circles 
and at the Royal Free Hospital School 
of Medicine. He believed passionately 
in the educational value of physics, and 
his views on the need to equip doctors 
for the increasing use of technology in 
medicine were ahead of their time. 
Alone among the teachers in the 
London medical schools he managed to 
secure a place beyond the closure of the 
first M.B. course at his own school for 
the continued teaching of physics as a 
distinct discipline in the pre-clinical 
curriculum. 

Following his father’s distinguished 
academic career in physics, Harold 
Simons studied with the elite at the 
Cavendish Laboratory, Cambridge. On 
graduation he contributed his expertise 
to the war effort as a scientific officer 
with the Admiralty. As for so many 
others, this period provided a wealth of 
experience and he was fond of recalling 


Notices 


The death of Dr Curt 
Westman 


Sadly, Dr Curt Westman, an Honorary 
Member of and great friend to the 
Institute, died on July 11, in Stockholm. 
He said before his death that he would 
make arrangements for the visits of 
British radiologists to his clinic in 
Stockholm to continue. An obituary, by 
Professor Isherwood, will be published 
in a forthcoming issue of the Bulletin. 


The Marii Sklodowskeij- 
Curie Medal 


Professor J. F. Fowler, Director of the 
Gray Laboratory, Northwood, Middle- 
sex, has been awarded the 6th Marii 
Sklodowskey-Curie Medal by the 
Polish Society for Radiation Research. 
The presentation took place in the 
14th century Collegium Maius of the 
Jagiellonian University, Krakow, on 
June 12, 1986. The medal was 
established in 1980 and previous award 


incidents with wry humour, such as 
when a torpedo he was testing landed 
high and dry on a Scottish beach. After 
the war he returned to academic life as 
a lecturer and research fellow at St 
Bartholomew's, and then in 1952 he 
was appointed Reader to take charge of 
the physics department at the Royal 
Free. Ten years later he was appointed 
to a personal Chair in Physics as 
Applied to Medicine. The title of 
Emeritus Professor was conferred on 
him on his retirement in 1983. 

Harold Simons’ interest in the prac- 
tical applications of physics to medicine 
were consistently maintained. He was 
closely involved in the work of his staff 
and postgraduate students. His own 
research interests in the field of radia- 
tion physics led to notable publications 
on a variety of topics, including the 
design of collimators for scanning and 
solid-state detectors for proton micro- 
dosimetry. For 5 years he was Honorary 
Editor of Physics in Medicine and 
Biology and led the journal through a 
period of rapid expansion in scope and 
importance. 

in later years he devoted much of his 
time and effort to administrative matters 
in department, school and university. 
The move from the old buildings in 


winners include Professors Kroh and 
Rudnioki from Poland, Lord Dainton 
from the UK and Professor Pikaev from 
the USSR. 


XIV Symposium 
Neuroradiologicum 


Professor George du Boulay C.B.E. has 
been chosen to be President of the XIV 
Symposium Neuroradiologicum. This 
will take place in London, at the Queen 
Elizabeth II Conference Centre in 1990. 

The series of Symposia Neuroradio- 
logica began in 1939 and, apart from 
during the War, has been held about 
every 4 years. The XIII Symposium 
Neuroradiologicum took place under 
the Presidency of Professor Torgny 
Greitz in Stockholm, June 23-28 this 
year. Symposium Neuroradiologicum 
has been to Britain once before, in 
1955, under the Presidency of Dr James 
Bull. 

Although the XIV Symposium Neuro- 
radiologicum will be held in London, 
Professor du Boulay hopes that all the 
neuroradiologists of the British Isles and 
Eire will feel it belongs to them to be 
hosts to the rest of the world. 
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Hunter Street to the new hospital site in 
Hampstead coincided with the estab- 
lishment of new organisational arrange- 
ments within the school, and the 
introduction of a new MBBS. 
curriculum. His insight into technical 
and financial aspects during the years of 
planning resulted in substantial benefits 
to all involved. He recognised the 
importance for education of close- 
circuit television and computing, and 
established appropriate services at 
Hampstead. Computing was introduced 
at an early stage to the curriculum. 
Shortly before his retirement, in his 
position as Chairman of the Board of 
Studies, he led the successful campaign 
for the retention of radiobiology as a 
discipline within the university against 
the very real threat of extinction arising 
from the effects of the financial cuts 
imposed by the University Grants 
Committee. Although recently elected 
back onto the school council to assist in 
guiding the fortunes of the Royal Free, 
his untimely death sadly prevented him 
from serving. 

Harold Simons' clarity of thought, 
“no-nonsense” approach and integrity 
were much valued by all who knew 
him. Many will miss him as a friend. 

M. F. Cottrall 


The NPL Research 
Associate Scheme 


The Research Associate Scheme (RAS) 
is designed to enable scientists and 
engineers from — industry, research 
associations, higher education institu- 
tions and other organisations to work at 
the National Physical Laboratory (NPL) 
on projects of mutual benefit to the 
Laboratory and their employer. Transfer 
of technology is achieved through the 
close co-operation that develops bet- 
ween the parties involved which, it is 
hoped, will continue on an informal 
basis after the Associateship has ended. 
Suitable training packages are also laid 
on by the Laboratory as an essential 
part of each Associateship. 

The RAS is open to scientists and 
engineers from organisations who have 
the ability to contribute to the work 
programmes and to benefit from a 
period spent at the NPL. Associates 
remain (or become) employees of 
NPL's partner organisations and con- 
tinue to receive their normal salaries and 
retain their pension rights etc. In many 
cases NPL will be able to make a 
contribution to the employers towards 
the Associates’ salaries and other 
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approved expenses such as travelling 
costs. Each case will be judged on Its 
merits and the percentage of costs paid 
by NPL will reflect the expected 
balance of benefits between the 
Laboratory and the partner organisation. 

The norma! penod of association will 
be from 8 months to 3 years, a penod 
sufficient to allow a real contribution to 
be made to a project. Penods outside 
this duratlon can be considered in 
exceptional cases, During the appoint- 
ment the Associate will normaily be 
expected to spend at least 90% of his 
working time et NPL. The projects 
undertaken will be related to NPL's 
normal work programme, whlch covers 
8 broad range of topics encompassing 
all aspects of measurement and 
standards including radiation dosimetry 
and medical ultrasound. 

For further informaton please 
contact. The Deputy Secretary, National 
Physical Laboratory, Queens Road, 


Press release 


New Du Pont "Mloro Radiology 
Manager” in Hne with Kórner 
Report 
“The main task of those who gulde and 
manage the provision of health care is 
to ensure quality, maintain costs and 
secure access to those who need it Or, 
to put rt more simply, to provide a good 
service for as many people as need It at 
least cost" This was the opening 
paragraph of the report of the Steering 
Group on Health Services Information 
under the chairmanship of Mrs Edith 
Kome, which reported in 1982 
Management can only be effective and 
efficient rf it based in sound statistics; 
many areas of the NHS, however, fail to 
use the available data properly, analyse 
It appropriately or present it informa- 
tively 

In light of this, In 1980 the DHSS set 
up a Korner Steenng Group with these 
terms of references. to agree, implement 
and keep under review principles and 
procedures to guide the future develop- 
ment of health-services information 
systems; to identify and resolve health- 
services information Issues requiring a 
co-ordinated approach, to review exist- 
ing health-services Information systems; 
and to consider proposals for changes 
to, or developments in, heaith-services 
information systems ansing elsewhere 
and, if acceptable, to assess prionties 
for their development and imple- 
mentation. 

The Komer report crtcised the 
current system of data collection on X- 
ray services in the following terms. 


Teddington, Middlesex TW11 OLW 


(Tel 01-943 6019). 


Draft Code of Practice on 
Exposure to Radon: Part 3 
of the Approved Code of 
Practice (lonising 
Radiations Regulations 
1985) 


A draft of Part 3 of the Approved Coda 
of Practica for the protection of persons 
against ionising radiation ansing from 
any work activity, covering axposure to 
radon, has been published in a con- 
sultativa document by the Health and 
Safety Commission. 

The lonising Radiatons Regulations 
1985 and Parts 1 and 2 of the Approved 
Code of Practica were published in 
September 1985 The introduction to 


Although each of the 200 possible 
radiological examinations is at present 
given a value in units based on the time 
it takes and the staff involved, the 
reported total number of units gives no 
indication of the procedures performed. 
Since the unit system 1s based on staff 
time, it gives no indication of resources 
used. The activity of the department is 
not analysed in terms of the clinical 
inrnator of the request for example, do 
surgical departments need different 
radiographs from casualty wards? There 
is no link between data about radio- 
logical activity and other clinical data 
either in the hospital or locally 

Korner therefore recommended a 
number of changes, to take effect from 
April 1987, in the way data are 
collected and analyeed, including the 
suggestion that radiological examina- 
tions be divided into six groups based 
on costs, and that the number of 
requests for examinations tn each of 
these areas be recorded it was also 
recommended that a national 
vocabulary of diagnostic services be 
established, so that each procedure can 
be assigned a code number, identifying 
it uniquely 

This will enable local managers both 
to interpret the statistical data and to 
allocate resources accordingly. Thus a 
department will be abie to justify rts 
budget, or an increase in it, on the basis 
of the work It actually performs It will 
also allow the implementation of cross- 
budgeting, where the radiology depart- 
ment charges other clinical specialities a 
realistic cost for procedures inrtiated at 
Hs request Diagnostic facilities can be 
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the Code stated that there would be a 
third part, containing guidance on the 
application of the regulations to work 
involving increased exposure to is0- 
topes of radon and their decay 
products Part 3 has been drawn up 
following consultation with interested 
parties and In particular with a working 
group comprising nominees from the 
Confederation of Bntsh Industry, 
Trades Union Congress and the 
National Radiological Protection Board, 
together with independent experts and 
representatives of the Health and Safety 
Executive. 

The consultative document has been 
sent direct to all known interested 
parties. Coples of the document are also 
available, free of charge, from. Health 
and Safety Executive, Nuclear Policy 
Branch, Radiation Protection Section, 
Room 373, Baynards House, 1 
Chepstow Place, London W2 4TF (Tel. 
01-229 3458 axt 6115/6118) 


planned and forecast on the basis of the 
clinical activity in other areas of the 
hospital or local medical services. 

Du Ponts “Micro Radiology 
Manager" (MRM), an Integrated soft- 
ware/hardware management system 
with proven local area network (LAN) 
technology, is the result of collaboration 
between Du Pont and Tnnity Comput- 
Ing Systems of Houston. It is designed 
so that from first registering with the 
radiology department, a patient's 
charactenstics and records move 
electronically through the system with 
him. The film packets are tagged by 
bar codes, ensunng that they are 
subsequently eesier to access and lees 
likely to be misplaced. 

“MRM” includes modules which 
assess quality control and performance 
indices, so that the radiology depart- 
ment manager can Identrfy areas of 
waste or under-resourcing and make 
the appropriate modifications to prac- 
tice or procedure. 

In computer terms, “MRM” is a LAN 
based on the proven computer tech- 
nology combining the advantages of 
intelligent terminals. with thoee of a 
distnbuted system, but without the 
drawbacks of time-sharing on a central 
minicomputer. Any IBM-compatible 
program can be mn on individual 
workstations without reference to the 
central file server, except for retrieval of 
data. The system is secured by a 
hierarchy of passwords which ensures 
confidentiality of patent records. 

The advantages of "MRM" are not 
only better departmental management 
and eese of reporting statistics, case- 
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report writing and data handling, but 
also enhanced  petient care and 
improved cost-efficiency. 

In line with Du Pont's stated commit- 
ment to customer education and 
support, full training and soft- 
ware/hardware support are available to 
purchasers of Du Pont's "Micro Radio- 
logy Manager" For further information 
please contact: Denise Craig, Du Pont 
(UK) Ltd, Wedgewood Way, Steven- 
age, Hertfordshire SG1 4ON (Tal. 
0483-734 000) or Julie Cracknell, 
Burson-Marsteller, 2b North Row, 


London W1R 2BY (Tel. 01-499 0414). 


Library news 


The BIR Library is open weekdays 
9 a.m.—5 p.m. (7 p.m. on 


Thursdays) 


The Librarian, Mrs Gunnel Ingham, is in 
attendance Tuesdays 11am-5pm, 
and Thursdays 118.m.-7p M, and Mrs 
Angela Lansdown, daily 9am-6pm. 
(Tel. 01-580 4086). 

The journal stock includes more than 
100 titles Though journals may not be 
taken out of the library, there is a 
photocopy service, also available by 
poet A list of current journals is 
available on request and is also 
published in the March and September 
issues of the Bulletin 

Most books (axcepting the histoncal 
collection) are available on loan. 


Recent additions to the Library 

Anbar, M., Spangler, R. A. & Scott, P. 
(Eds): Clinical blophysics. 1985 

Burgener, F A & Kormano, M- 
Differential diagnosis In conventional 
radiology. 1985 

Engel, J M, Flesch, U, & Stuttgen, G 
(Eds). Thermological methods. 1985 

Hufton, A. P (Ed). Practical aspects of 
thermoluminescence dosimetry 1985 

Kalifa, G.: Pediatric ultrasonography 
1986 

Latchaw, R E: Computed tomography 
of the head, neck and spine. 1985 

Ryo, U Y., Bekerman, C. & Pinsky, S. 
M : Atlas of nuclear medicine artifacts 
and vanants. 1985 

Spindola-Franco, H. & Fish, B. G. 
Radiology of the heart. 1986 

Van Mill, G J, Moulaert A J & 
Hannck, E Atlas of two-dimensional 
echocardiography ın congenital 
cardiac defects 1985 

Walsh, J. W. (Ed): Computed tomo- 
graphy of the pelvis. 1985 

Zoetelief, J., Broerse, J. J. & Davies, 
R. W.: Radiation protection (protocol 
for X-ray dosimetry). 1985 


Current Journals held In the 
BIR Library 


Acta Radiologica—Diagnasis 

Acta Radiologica—Oncology 

Amencan Journal of Neuroradiology 

Amencan Joumal of Roentgenology 

Annales de Radiologie 

Annals of the ICRP 

Applied Health Physica, Abstracts and 
Notes 

Applied Radiation and Isotopes 

Astro Newsiettor 

Australasian Radiology 

BMUS Bulletin 

British Journal of.Cancer 

British. Journal of Radiology 

British Medical Bulletin 

British Medical Journal 

British Society of Dental and 
Maxillofacial Radiology Newsletter 

Cancer 

Cancer Research 

Cancer Research Campaign Annual 
Report 

Cancer Treatment Reviews 

Cardiovascular and Interventional 
Radiology 

Cell and Tissue Kinetics 

Chinese Journal of Nuclear Medicine 

Chinesa Journal of Radiology 

Clinical Nuclear Medicine 

(Clinical Oncology: cont as European 
Joumal of Surgical Oncology) 

Clinical Physics and Physiological 
Measurements 

Clinical Radiology 

Computerized Radiology 

Critical Reviews in Diagnostic Imaging 

Current Contents (Life Sciences) 

Current Opinion In Cardiology 

Current Opinion in Gastroenterology 

Current Problems in Diagnostic 
Radiology 

Deutsche Roentgengeselischaft 
informationen 

Diagnostic Imaging (USA) 

European Joumal of Cancer and 
Clinical Oncology 

European Joumal of Nuclear Medicine 

European Joumal of Radiology 

European Joumal of Surgical Oncology 

Excerpta Medica. 14 Radiology 

Excerpta Medica 23 Nuclear Medicine 

Fortschntte auf dem Gebiete der Ro- 
entgenstrahlen 

Gastrointestinal Radiology 

Health Physics 

HPA Bulletin 

ISRRT Newsletter 

Indian Journal of Rediology 

International Agency for Research on 
Cancer. Annual Report 

Intemational Atomic Energy Agency 
Bulletin 

Intemational Journal of Hyperthermia 
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Intemational Journal of Radiation 
Biology 

Intemational Journal of Radiation 
Oncology, Biology, Physics 

Investigative Radiology 

Japanese Joumal of Nuclear Medicine 

Joumal Belge de Radiologie 

Joumal! de Radiologie (France) 

Joumal Européen de Radiotherapie 

Joumal of Clinical Oncology 

Joumal of Clinical Ultrasound 

Journal of Computed Tomography 

Joumal of Computer Assisted 
Tomography 

Joumal of Nuclear Medicine 

Journal of the Canadian Aseociation of 
Radiologists 

Journal of The National Cancer 
Institute 

Journal of The Royal Society of 
Medicine 

Journal of The Society for Radiological 
Protection 

Journal of X-ray Technology 

Lancet 

Magnetic Resonance in Medicine 

Medical Physics 

Medical Radiography and Photography 
Medicamundt 

Meditsinskaya Radiologiya (USSR) 

Meetings on Atomic Energy 

Neurorediology 

Nuclear Medicine and Biology 

Nuclear Medicine Communications 

Oncologia (Rumania) 

Pediatnc Radiology 

Physics in Medicine and Biology 

Proceedings of The Amencan 
Association for Cancer Research 

Proceedings of the Amencan Society 
of Clinical Oncology 

Rad 

Radiation Protection Dosimetry 

Radiation Research 

Radiatsionnaya Biologiya (USSR) 

Radiographics 

Radiography 
Radiography News 

Radiologia Medica (italy) 

Radlologic Clinics of North Amenca 

Radiological Protection Bulletin 

Radiology 

Radiology Now 

Radiotherapy and Oncology 

Rays 

Seminars in Nuclear Medicine 

Seminare in Roentgenology 

Seminars in Ultrasound 

Skeletal Radiology 

Strahlentherapie 

Ultrasonic Imaging 

Ultrasonics 

Ultrasound in Medicine and Biology 

Urologic Radiology 

World Health 

Yearbook of Diagnostic Radiology 
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BIR calendar 
events 


Unless otherwise indicated, enquiries 
about the following events should be 
addressed to the Assistant Secretary: 
Programme, British Institute of 
Radiology, 36 Portland Place, London 
WIN 3DG (Tel. 01-580 4085). 

The meetings are at 36 Portland Place 
unless otherwise stated. Attendance is 
open to non-members. 


Joint RCR/BIR/RSM Autumn 
Provincial Meeting; RCR Annual 
General Meeting 

September 11-13, 1986 

Sheffield 

Organised by the RCR. Further details 
from the Meetings Secretary, The Royal 
College of Radiologists, 38 Portland 
Place, London W1N 3PG (Tel. 01-636 
4432/3). 


Regulations and Guidance on 
Radiation Protection: a seminar 
October 2, 1986 at 10 a.m. 


Middlesex Hospital Medical School, 
London W1 
Chairmen: Professor R. J. Berry 


and Mrs J. Barrett. 

Speakers: Mr P. Beaver, Dr J. Gill, Mr 
R. Grix, Mr L Hendra, Mr B. Godfrey, 
Mr P. Richardson, Mr B. Aves, Dr L. K. 
Harding, Dr P. Roberts and Dr J.G. 
Russell. 

Joint BIR/COR meeting. 


Interventional Radiology of 

the Spine 

October 16, 1986 at 5.45 p.m. 
Chairman: Dr J.C. MacLarnon. 
Speakers: Dr D. J. Stoker, Dr B.E. 
Kendall, Dr |. W. McCall and Dr E. 
Colhoun. 


Accelerated Fractionation and 
Hyperfractionation: experimental 
and clinical 

November 14, 1986 at 11 a.m. 
Organised by the Radiobiology Sub- 
committee. To conclude with the 
Silvanus Thompson Memorial Lecture: 
"Cancer—the failure of treatment" by 
Dr R. H. Thomlinson. 


Diagnostic and Therapeutic Uses 
of Radioisotopes in Oncology 
November 26, 1986 at 10.30 a.m. 

All day meeting organised by Nuclear 
Medicine Subcommittee. 

Chairmen: Professor R. J. Berry and Dr 
R. T. D. Oliver. Speakers: Dr |, Fogel- 
man, Dr A. Laing, Dr D. M. Ackery, Dr 
N. W. Garvie, Dr K. E. Britton, Dr A. 
Epenetos, Dr S. Clarke, Dr P.N. 
Plowman and Dr V. R. McCready. 


Practical Aspects of Magnetic 
Resonance Imaging 

January 14, 1987 

Middlesex Hospital Medical School, 
London 

Joint BIR/RCR meeting. 


Uroradiology Update 

January 15, 1987 at 5.30 p.m. 
Chairman: Dr D. Rickards. Speakers: Dr 
D. Rickards, Dr J. Pemberton, Dr 
C. E. L. Freer, Mr G. Watson, Dr R. 
Johnson, Dr W., Lees, Professor D. J. 
Allison. 

Joint BIR/RCR/RSM meeting. 


Radionuclide Investigations of the 
Lung 

February 11, 1987 

Joint IPSM/BIR (Nuclear 
Subcommittee) all day 
organised by IPSM. 


Medicine 
meeting 


All day non-topic proffered papers 
meeting 

February 13, 1987 

Joint ARR/BIR (Radiobiology 
Subcommittee) meeting organised by 
the Association for Radiation Research. 


Picture Archiving and 
Communications Systems 

February 25, 1987 

Venue to be announced 

Chairman: Professor |. Isherwood. 
Topics will include image display, 
image transmission and image storage. 
All day meeting organised by Industry 
Committee, 


Annual General Meeting 
May 14, 1987 at 4.30 p.m. 
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| Advance Notice 


| British Institute of Radiology 45th 
Annual Congress, incorporating the 
joint BIR/RCR/RSM (Section of | 
Radiology) spring meeting | 
| 


RADIOLOGY '87 


University of Southampton | 
April 1-3, 1987 | 


The Congress will cover all aspects | 
of  radiology—X-ray diagnosis, 
radiotherapy, radiation oncology, | 
nuclear medicine, ultrasound, NMR, | 
radiological physics, radiobiology, | 
radiation protection and related dis- | 
ciplines and is expected to include: | 
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The BIR Mackenzie Davidson | 
Memorial Lecture, by Professor M. J. | 
Peckham, "The clinical biology of | 
testicular germ cell tumours” | 
The BIR Mayneord Lecture (spon- | 
sored by 3M UK plc), by Dr Frances | 
Fry 
The RCR George Simon Lecture, by 
Dr J. C. Batten 

The BIR Presidential Address, by 


Professor R. J. Berry 


| 
| 
| 
| 
The BIR Annual Dinner will be ; 
held at the Polygon Hotel, | 
Southampton, on April 2. | 

| 


Proffered papers are invited. Please 
apply for form from the BIR. 
Absolute closing date for receipt of | 
completed proffered paper forms is | 
November 30, 1986. 

For further information please 
apply to the Assistant Secretary: | 
Programme, The British Institute of 
Radiology, | 36 Portland Place, 
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London WIN 3DG (Tel. 01-580- 
4085). 





Imaging in Radiotherapy 

May 15, 1987 

Chairmen: Dr D. Thwaites and another 
to be announced. 
Joint IPSM/BIR all 
organised by IPSM. 


day meeting 


Dysphagia 

May 20, 1987 

Royal Society of Medicine, London 
Joint RSM/RCR/BIR all day meeting to 
be organised by the RSM. 


Conversazione 
May 20, 1987 
Royal Naval College, Greenwich 


BIR Bulletin - 


Meetings and 
courses 


As a service to our readers, the title, 
date and place of meetings and contact 
address will be inserted free of charge: 
any additional information will be 
charged at £1.75 per printed line, per 
insertion. Please contact the Managing 
Editor. 


Assessing and Managing Health 
and Environmental Risks from 
Energy and Other Complex 
industrial Systems 

October 13-17, 1986 

Paris 

Further details: M. Pankhurst, 
Department of Energy, Atomic Energy 
Division, Thames House South, 
Millbank, London SW1P 4QJ (Tel. 01- 
211 6850). 


Diagnostic Radiology Seminars 
November 3-7, 1986 

Maui, Hawaii 

January 19-23, 1987 

Ixtapa, Mexico 

February 1-6, 1987 

Aspen, Colorado 

February 22-27, 1987 

Park City, Utah 

Further details: Radiology Postgraduate 
Education, University of California, 
Third and Parnassus Avenues, Room 
C324, San Francisco, CA 94143, USA 
(Tel. 415-476 5731). 


The Biological Effects of lonising 
Radiation 

November 24-25, 1986 

Royal Postgraduate Medical School, 
Hammersmith Hospital, London 

Further details: Dr Gari Donn, 8 
Buckingham Road, Brighton, East 
Sussex BN1 3RA (Tel. 0273-202516). 


The British Medical Ultrasound 
Society 18th Annual Scientific 
Meeting 

December 16-18, 1986 

University of Warwick, Coventry 
Further details: Mrs L. Blench, General 
Secretary, BMUS, 36 Portland Place, 
London W1N 3DG (Tel. 01-636 3714). 


Meeting of the International 
Working Party for the Diagnosis 
and Treatment of Carcinoma of 
the Cervix in Developing Areas 
January 23-29, 1987 

Calcutta 

Further details; Dr Margaret Snelling, 7 
Elm Place, London SW7 3QH. 


2nd International Symposium on 
Magnetic Resonance Imaging: 

MR '87 l 

January 29-February 1, 1987 
Garmisch-Partenkirchen, West Germany 
Further details: Sekretariat Professor Dr 
J. Lissner, Radiologische Klinik, 
Klinikum Grosshadern, Marchioninistr. 
15, 8000 München 70, West Germany 
(Tei. 089-7095 2750). 


Perspectives in Radioprotection 
March 13-14, 1987 

Bethesda, Maryland 

Further details: Dr Joseph F. Weiss, 
Armed Forces Radiobiology Research 
Institute, Bethesda, MD 20814-5145, 
USA. 


Diagnostic Imaging 1987 

March 16-21, 1987 

Kauai, Hawaii 

Further details: Radiology Postgraduate 
Education, University of California, 
Third and Parnassus Avenues, Room 
C324, San Francisco, CA 94143, USA 
(Tel. 415-476 5731). 


intra-uterine Diagnosis and 
Treatment: the new frontier 

April 2-4, 1987 

San Diego, California 

Further details: Office of CME, M-01 7, 
UC San Diego School of Medicine, La 
Jolla, CA 92093, USA (Tel. 619-534 
3940). 


British Nuclear Medicine Society 
Annual Congress 

April 12-15, 1987 

Imperial College, London 

Further details: Mrs A. Taylor, BNMS 
Conference Secretary, 22 Leinster 
Avenue, East Sheen, London SW14 
7JP. 


The Finzi Lecture 

April 15, 1987 

Royal Society of Medicine, London 
"The solitary pulmonary nodule” by Dr 
S. Segalmann. 

Meeting to be organised by RSM. 


College of Radiographers' Annual 
Conference 

July 1-3, 1987 

Scarborough 

Further details: Miss C, Aldridge, 
College of Radiographers, 14 Upper 
Wimpole Street, London W1M 8BN 
(Tel. 01-935 5726, ext. 206). 


Diagnostic Radiology Update 

July 27-30, 1987 

London 

August 3-6, 1987 

Paris, France 

Further details: Ryals & Associates, PO 
Box 920113, Norcross, GÀ 30092- 
0113, USA (Tel. 404-641 9773). 
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Radiology Update in Scandinavia 
and the Soviet Union 

August 8-19, 1987 

Copenhagen, Stockholm and Leningrad 
Further details: Ryals & Associates, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel. 404-641 9773). 


3rd Annual Sonographers' Review 
Course 

August 28-30, 1987 

San Diego, California, USA 

Further details: Ryals & Associates, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel. 404-641 9773). 


Chest Imaging Conference 1987 
August 31-September 2, 1987 
University of Wisconsin, USA 

Call for abstracts. 

Further details; CIC-87 Program 
Committee, Department of Medical 
Physics, University of Wisconsin, 1300 
University Avenue, Madison, WI 53706, 
USA (Tel. 608-262 2171). 


Breast Disease Symposium 
September 9-11, 1987 

San Diego, California, USA 

Further details: Ryals & Associates, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel. 404-641 9773). 


San Diego Imaging Symposium 
September 9-11, 1987 

San Diego, California, USA 

Further details: Ryals & Associates, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel. 404-641 9773). 


HPA Annual General Meeting and 
IPSM Scientific Meeting 

September 15-19, 1987 

Liverpool 

Further details: IPSM, 47 Belgrave 
Square, London SW1X 80X (Tel. 01- 
235 6111). 


7th international Congress of the 
International Radiation Protection 
Association: radiation protection 
practice 

April 10-17, 1988 

Sydney, Australia 

Further details: IRPA 7 Secretariat, GPO 
Box 2609, Sydney, NSW 2001, 
Australia (Tel. 02-241 1478, Telex 
AA74845 “Consec”, Cable "Conven- 
tion” Sydney). 
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THE BRITISH INSTITUTE OF RADIOLOGY 


PUBLICATIONS 
[] Basic Clinical Ultrasound £12.00 
Hylton B. Meire and Pat Farrant 
(British Institute of Radiology Teaching Series No. 4) 1982 


i 

| BIR Supplements: 

| [] 16. Treatment Simulators (Applications of Modern Technology in £3.50 
Radiotherapy) Revised 1981 

[] 17. Central Axis Depth Dose Data for Use in Radiotherapy 1983 £8.00 

This standard work replaces BJR Supplement 11 (1972) 

| 

| 

| 

| 

| 

| 

| 

| 

| 


[] 18. Quality Assurance Criteria and methods for quality assurance in £16.00 
medical X-ray diagnosis 1984 


[] 19. Radiation Damage to Skin Fundamentals and Practical Aspects 1986 £18.00 


[] Review Article: The Radiological Effects of Nuclear War (BJR,  50p 
1983, 56, 147—170) 
Report of a BIR Working Party 


[] Review Article: Biomedical Applications of the Relaxation 50p 
Behaviour of Water Related to NMR Imaging (BJR, 1984, 57 
955-976) 

R. Mathur de Vré 





The British Institute of Radiology 
36 Portland Place 
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[] Please send me the publications indicated above 
[] Please send me details of membership of the British Institute of Radiology 
[] Please send me subscription details for the British Journal of Radiology 


[] | enclose a cheque for £............... sterling made payable to the British Institute of 
Radiology 
Please add £1.00 for postage and packing for all orders under £10.00 

[] | agree to pay on receipt of invoice (Remittance must accompany orders of 


| 
| 

| 

i 

| 

| 

| 

To: Publications Department Please type or use block capitals 
| 

| 

£10.00 or less) 
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( Prices may be subject to revision without prior notification) 
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~ British Made 


Digital Subtraction Angiography 





A - 


Outstanding Picture Quality 
at a Low Price 


Quantel's totally new concepts in video processing, developed 
over 15 years for the TV world, make IDIS a truly revolutionary 
product. Previously time consuming and complicated 
angiography tasks can now be performed in seconds — and you 
don't have to be a computer programmer to operate IDIS. As the 
development costs were borne by the broadcast industry the 
price for IDIS is surprisingly attractive. 

IDIS is easy to install too. All you need is a simple coaxial cable 
connected to the fluoroscopic output of your system. No air 
conditioning or special power is needed, just plug it in to a 
standard domestic socket and IDIS is ready for action. Use of high 
density multi-layered printed circuits result in a small compact 
unit — easily wheeled from room to room 

For the technically minded, IDIS uses — Analogue/Digital 
converters to digitise signals at 10 million samples per sec; 
Recursive Video Processor for real-time noise reduction; State-of- 
the-art 32 bit microprocessors for fast digital calculation; 168 
Mbyte Winchester disks for vast picture library; new technology 
10 Mbyte removable floppy disk cartridges. Features such as 
Matched Temporal Filtering, Spatial Filtering, Interpolated Zoom 
and Dynamic Contrast Adjustment give starting picture clarity and 
versatility to optimise accurate diagnosis 

IDIS leads the field in DSA and is backed by Quante!'s world 
acclaimed service. 





QUANTEL LIMITED, Kenley House, Kenley Lane, Kenley, Surrey CR2 5YR, England. Tel: 01-668 4151 Telex: 946643 QUANTL G 
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Page 
Correspondence 
Metastatic carcinoma from unknown primary site 957 
P. Price, P. J. Hoskin and J. R. Yarnold 
Reply 
M. P. Snee 
The radiation dose to an infant following maternal radiopharmaceutical administration 957 
P. J. Mountford and A. J. Coakley 
Ultrasound of the hip in childhood 959 
D. J. Wilson and D. J. Green 
Economics of xenon 127, xenon 133 and krypton 81m for routine ventilation imaging 
of the lungs 959 
J. P. Finn and J. P. Lavender 
Acute focal bacterial nephritis 959 
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C. K. Anderson (Eds) 918. 
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* Hyperthermia. D. J. Watmough and W. M. Ross (Eds) 928 
Magnetic resonance imaging (principles and applications). D. Kean and M. Smith 928 
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EASY EXAMINATIONS WITH 
UBAIN ANALGESIA 








— strong, effective non-MDA analgesic, suitable | 
for use during endoscopy or colonscopy and | 


radiological and gynaecological investigations jx, . 
"ceiling" effect to respiratory depression | NUB AIN 
_ reduces risks associated with opioid use ' - ann Œo 
i 


minimal effect on cardiac haemodynamics 
_ when used during catheterization’ 
| allows more accurate diagnosis of bile duct 
and gut obstructions due to minimal inter- 
ference with function’ and motility’ 


Effective, comfortable 
analgesia during clinical 
investigations 





Prescribing Information 


Presentation: Nubain* Injection, 20mg of nalbuphine hydrochloride in 2ml amr 
Uses: For the relief of moderate to severe | 


jes References: 1. Julien RM Effects of nalbuphine on normal and Oxymorphone 


l pair lepressed ventilatory responses to carbon dioxide hallenge. Anaesthesiol py 1982 
Dosage and Administration: 10. 2 img for a 7Okg individual adjusted according t P: Fahmy NR. Sunder N. Soter NA, A ( ompanson of histamine releasing 
ine severity of pa physical status of the patient ar ncomitant medication properties and hemodynamic effects of mi rphine and nalbuphine in humans 
Nubain is not recommended for ct drer Anesth Analg 1984:63:17: 3. Vatashsky E. Haskel Y. The effect of nalbuphine 
Contra-indications Hypersensitivity t ) Nubair Nubai impared to morphine and fentanyl on common ble duct pressure 
Precautions and Warnings: Use with care in known an | potential opioid abuser Curr Ther Res 1985;37.1:95-102. 4. Shah M Rosen M, Vickers MD. Effect of 
Also care in active patients who may drive or operate mach nery. Caution in patients premedication and diazepam morphine or nalbuphine on gastrointestinal motility 
with impaired respiration. Safety for use in myocardial inf ction iS not yet established after surgery, Br J. Anaesth. 1984:56: 1935-8 
ion and dose reduction in patient: with impaired renal or hepatic function Safe use Further information i: available on request from Du Pont (UK Limited 
t established in pregnancy and it ingditions Of raised intracranial pressure Pharmaceutical Wedgwood Way »tevenage. Hertfordshire SG1 40N 
Abrupt discontinuation of chronic tl erapy may produce withdrawal symptoms Telephone: (0438) 7 34549 
Side Effects: The most frequent reaction is sedation, Also Sweating, nausea, vomiting Nubain* is a registered trade mark of E lu Pont de Nemours and { 


dizzine: 


1855, Cry mouth, vertig nme headache anc ot prod effects may occur 


Product Licence No.: 4524/0003. NHS Price ^ne per box of 10 «2m Imo iles Du Pont Pharmaceuticals GUPOND 





Meets all the needs 
of Computer Tomography 


@ Excellent resolution images are obtained with high 
performance detector and high density data sampling. 

ll High-speed scanning 

E Scanning conditions: Preset type 

lll image display monitor and character display monitor 
are provided. 

| Variety of programs are provided for image treatment. 


WHOLE BODY X-RAY CT SCANNER 


SCT-2000T 


SHIMADZU CORPORATION, INTERNATIONAL MARKETING Div 


STETIT TTE Mit i Hantit ] i TET T] id ah 


LES ATRTAT| T kyo O IET IS. | omen a a. | i 
SHIMADZU (EUROPA) GMBH 

Ac how SNA ot Annn Manat 7 FE r T 
Phort ARS O NYA FEY. WI P i 


MEDICAL X-RAY SUPPLIES LIMITED 


Kingtbury md INI 
bn " 








No prisms. No gratings. No tricks. Just a mechanical characteristics of our standard 


plain, standard helium neon plasma tube 632.8nm laser - except the output is green! 
with a green output beam. Hard seals for Think of the advantages for surgical illumi- 
zero-leak; cold-cathode and symmetrical nation, avionic displays, particle counters, 
construction for stability and long life. laser printers. Dramatically improve visibility 
543.5nm output wavelength; .2 milliwatt to the human eye, create two-color 
output power. And it runs from a standard pointers or data displays, improve system 
power supply. We call it our GreNe'". resolution. Think of the advantages our 

Let's try that again! This new laser has all GreNe" will provide your equipment and 
the environmental, physical, electrical and give us a call, 

a a 

MELLES CRIOT | Frederick St., Aldershot e Hampshire GUN ILQ. United Kingdom e (0252) 33441) 


SA 
(714) 261-5500 (08360) 33041 (O3) 407-3614 (O1) 3450-5252 (06151) 85331 
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TS57 from Siemens - 
decision making ideas for 
chest diagnosis 





Five main advantages 
ensure that the 57cm Image 
Intensifier and 100mm Cut 
Film Camera SIRCAM* 100L 
provide optimum results in 
Chest Radiology 


Advantage 1 
Significantly reduced 
dose: often greater than 50% 
reduction when compared 
with conventional film screen 
radiology technique. 


Advantage 2 


Reduced film cost: 
approximately 85% material 


film cost saving compared with conventional 35x43cm 


cassette format. 


Advantage 3 


Reduced space requirement for film archive: 
smaller film format facilitates reduced film archive space 


requirements. 


Advantage 4 


Shortest exposure times: typically 5mS with the 30kW 
high frequency POLYPHOS® 30M generator. 





Advantage 5 

Future orientated: suitable 
for future extension to digital 
techniques. 


TS57- An integrated chest 
examination system incor- 
porating indirect technique for 
chest radiography with mini- 
mum dose, reduced revenue 
cost and excellent results — 
time and time again. 


For more information contact: 


Siemens Limited 

Medical Division 

Siemens House 

Windmill Road 
Sunbury-on-Thames 
Middlesex TW16 7HS 
Telephone: (0932) 785691 
Telex: 8951091 


Setting Standards in Diagnostic 
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MED 
Ultrasound *: 


in medicine 
and biology 


mms 





Ultrasound in Medicine & Biology 
publishes original articles which deal with 
the Interaction of ultrasonic energy with 
living systems. A major aim of the journal is 
the promotion of new knowledge 
concerning the understanding and 
employment of this form of energy in 
medicine and biology. The majority of the 
published papers deal with ultrasonic 
applications in clinical medicine. 
Occasionally, review articles or articles of 
historical interest are featured. There is also 
a section devoted to Letters to the Editor, 
where orlginal observations or comments 
or criticism on the materlal published in the 
Journal can be printed with a minimum of 
delay. Reports of scientific meetings and a 
calendar of forthcoming sclentific meetings 
within the fleld of Interest of the journal are 
also Included. 


New Patents Section — The Journal now 
contains abstracts and illustrations of 
recently issued United States Patents and 
published patent applications flled from 
over 30 countries under the Patent Co- 
operation Treaty. 

re 8u Section — This new 
section reports developments In 
appropriate specialist software. 


Subeoription information 
Published monthly one 12) 
Annual subscription (1988) 
Two-year rate (1 ) 


U84427 20 


E Son dies COPIES AVAILABLE ON REQUEST 
rate card available on request. Baok issues and 
prons are also available in microform. 
subject to change without notice. Journal! prices 
clade eren and Insuranos. Sterling prices are avallable to 
UK and Eire oustomers on request. 
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ULTRASOUND IN 
MEDICINE & 
BIOLOGY 


Official Journal of the World 
Federation for Ultrasound in 
Medicine and Biology 


Editor: D N WHITE, 230 Alwington Place, 
Kingston, Ontario K7L 4P8, Canada 


A selection of papers 

Review paper. Contrast echocardiography, 
J ROELANDT. 

Echocardiographic contrast patterns of the 
right-side of the heart: clinical significance, 
G GULLACE. 

Contrast M -mode echocardiography in 
patients with interatrial communications, 
G KRONIK. 

Videodensitometric processing of contrast 
two-dimensional echocardiographic data, 
RS MELTZER et a/. 

Comparison of methods of recording and 
analysis of Doppler blood velocity signals 
in normal subjects, 5 P CREEKMORE et al. 
Method for MS the esty en mean 
velocity waveform M et al. 

A comparison of two calibration methods 
for ultrasonic hydrophones, 

W B GLOERSEN et a/. 

The concept of three dimensional 
resolution In echocardlographic imaging, 
L JOYNT & R L POPP. 

Ultrasonic characterization of acute renal 
failure, V N GUPTA et al. 

Measurement of soft tissue motion using 
correlation een A-scans, 

R J DICKINSON & C R HILL. 

Oll-in-gelatin dispersions for use as 
ultrasonically tissue-mimicking materials, 
E L MADSEN st al. 


Pergamon Press 


Headington HIII Hall, Oxford OX3 OBW, UK 
Fairview Park, Elmsford, New York 10523, USA 


1071 785 


You wouldn’t buy a high quality 
camera without a high 
quality lens 
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You shouldn’t buy a CT or MR 
without a 3M Laser Imager 








i Makes sense to match a high quality border, a positive or negative mode, and 
state-of-the-art 35mm camera body with an either smooth or sharp pixels for the 
equally superior iens.. because that's the timate in view inq flexibility 
WV ay VC U Jel the Desi resu is It also mak PS ther WSinct ag AT d 3Qe5 ( ithe 3M 43CoO! LN 
ense to match your CT or MR system wit! imager inciude 125-sheet feed and receive = 
1 3M Laser Imager...for the very same magazines for automatic film handling: a = 
reason. Advanced 3M Laser mager prir 1 Cycle of 23 seconds for in ‘eased 
technology produces digital images with far proauctivity, an operator keypad contro 
superior resolution as compared to a inat can be used up to 200 feet away from T 
standard 1000-line CRT And that's the kin Se h euer À Betis an : io ind out how you can put the future of 
standard TUUU-Ine CRT. And thats the kind — the machine: and a standard 4 n egabyte ` 
ol resolution you need for the best possible RAM that offers the c apabDility OF producing » Uf V 1, MR Or USA system in arpe 
"'iannnshe rac ifc a D» ' VCU Jntaci 
uid sue F'ESUIS multiple originals, and can be expanded 
The 3M Laser Imager produces digitally 20 megabytes for more demanding need 3M Imaging Systems 
stored image maining up to 4000 x i Perhaps the biggest Laser imager 3M House, Brackne 
tal “a 3 ^ 2» he . ry B 
x 8 Dil pixels, each with up to 256 discrete advantage is that vou can have th Berksh re, RG Te TJU 
: 3 : | tia TAAL COALS 
levels o! grey scale. The Imager also gives advanced technology today, and it is alsi eiepnone: (0344) 58458 
yOu the choice of selecting a black or c ear tuture-readv to han lle tomorrow's demands 


We set the standards worldwide. 
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is complete, 


Toshiba X-Ray 
in Europe. 


loshiba Ultrasound, Computer Tomography, 
Nuclear Medicine, Magnetic Resonance Imaging, 
synonymous with the ultimate in diagnostic imaging 
are joined by a fifth imaging modality in Europe: 
loshiba X-Ray. 

More than 70 years ago loshiba introduced 
Japan s first X-Ray tube and has consistently won 
international acclaim for the high standard of tech- 
nical precision to which our X-Ray equipment are 
built. 

loshiba X-Ray is now available in Europe. The 
range and diversity alone is impressive: angio- 
graphic systems, digital-subtraction systems, radio- 
graphic/fluoroscopic systems, computed radiogra- 
phy systems, no matter what your requirements, à 
Toshiba system can be custom made to meet them. 

loshiba has already established their European 
organisation some time ago. Toshiba can offer you a 
fast and reliable service. 

For further information, please contact the 
branch-office or European head-quarter as listed 
below. 








Toshiba X-Ray: widening 
the scope of diagnosis. 


TOSHIBA 


loshiba Medical Systems Ltd., 16, Barclay Road, Croydon 
CRO 1 JN, United Kingdom Tel. (01) 681 1171, telex 946154 
Toshiba Medical Systems Europe, Schieweg 1, 2627 AN Delft/ 
Holland. Tel. (0151610121 
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dicati never be j by subarachnoid or epidural route; and sodium te 1228% wiv inji n (200mg oc Xl 
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GYROSCAN MR systems 








leadership inimage 
and quality. 


When the stakes are high, it's best 
to bet on certainties... And with 
GYROSCAN, one thing you can be 
certain of is Philips’ commitment to 
the future of magnetic resonance as a 
routine diagnostic modality 

A commitment to all aspects of 
MR systems operation from initial site 
planning and consultancy, through 
Staff training, on-site application 
assistance, world-wide service orga- 
nization and immense R & D effort 
including cooperative agreements with 
many of the world's leading medical 


PHILIPS 


institutes, to ensure that your MR 
System is a responsible investmen! 
from the first day 

GYROSCAN systems from Philips 
are optimized for clinical diagnosis as 
a normal routine: excellent image 
quality, user- and patient-friendliness. 
and high patient throughput result in 
increased diagnostic efficiency as 
well as cost-effectiveness. And 
there's the option of a high field 
Strength system with the capability for 
clinical research as well as routine 
diagnosis. 

But there's a lot more to 
GYROSCAN systems apart from the 





in-built RF shielding, patented 
electronic decoupling for surface 
coils, free-standing magnetic 
shielding and Stirling-cycle cryo- 
generator. Ask for the comprehensive 
brochure now! 

GYROSCAN: clearly leading in 
image and quality 


Philips Medical Systems 
Kelvin House 

63-75 Glenthorne Road 
Hammersmith, 
LONDON. W6 OLJ 


Pwsi Medical 
Æ\ Systems 
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WE COVER THE CHINKS 
IN YOUR ARMOUR 


The knights of old had two main problems with 
their suits of armour. Not only were they 
unbearably heavy, but there were some parts that 
were still not protected properly! Many modern- 
day lead aprons suffer from the very same 
problems. 


The new Adjust-A- Weight S/P from E-Z-EM atlast 
offers you everything you want in a lead apron, 
whilst providing the answer to all your concerns 
about true protection from radiation. 


W Superior wrap-around design gives full all- 
round protection — not iust front and back. i b | 
WB The unique Adjust-A-Weight principle 


allows you to transfer weight between the 
shoulders and back for maximum comfort. 


E Choice of easy-clean nylon 
or vinyl material in a wide 
range of colours and 
flexible trims, 


W Smart front pocket for 
pens and markers. 









* 















Colour catalogues and prices 
for this new E-Z-EM product range 
are available from the X-Ray 
Division, Henleys Medical 
Supplies Ltd. 





à 


j q r Y 


E-Z-EMLEADAPRONS-FORCOMFORTAND EZ-EM 





FULL PROTECTION | | 
HENLEYS MEDICAL SUPPLIES LTD. L d 


LONDON N8 ODL TELEPHONE: 01-889 3151/6 TELEX: 28942 HENLEY G 





Signa provides todays 
-and tomorrow’ - 
MR capabilities 


As magnetic resonance 
progresses, many MR systems 
will be left behind. But the Signa ` 
system from I.G.E. is designed 
with the future, as well as the 
present, in mind. Consider these 
features included with the Signa 
system today: 


C) Unique, touch-sensitive plasma 
screens on the console allow new 
applications and protocols to be 
incorporated with simple software 
updates. 

[Thin slice and multi-slice/multi- 
echo imaging at minimal 
acquisition times. 

O Cardiac gating and respiratory 
motion compensation — "extras" 
on some systems — are standard 
with the Signa System. 

[1 Multi-tasking capabilities permit 
simultaneous scan, display and 
filming on one console. 

O Mobile scanning tables and 
surface coils that can be 
positioned outside the scan room 
enhance throughput as patient 
volume increases. 





C] The Signa system's proven 
ability to integrate high quality 
imaging, spectroscopy and other 
evolving high field clinical 
applications holds great potential 
for clinical diagnoses. 


I.G.E. has more high field systems 
installed than all the other 
manufacturers combined. It's easy 
to see why: we're the one company 
that offers it all — the present and 
the future — in MR technology 
today. 


o o c —H— ] M — MoM 


mnm e ame apena The Signa system from General 


VULT S | £171 1 ' 
See AT 
, 


i i l l-, Electric (U.S.A.)*. 


GENERAL GA ELECTRIC 


USA 





*not connected with the English Company 
of a similar name 


1.G.E. Medical Systems Ltd. 
Coolidge House 

260 Bath Road 

Slough, Berks SL] 4ER 

Tel 753-87A000 
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DIAGNOSTIC ULTRASOUND 
-the perfect partnership. 


Aloka — innovative, experienced, quality-orientated 


Key Med — successful, efficient, service-orientated 
— world leaders in diagnostic ultrasound. — aforward-thinking medical equipment company. 


Together we're looking to the future. 


SSD-210DX I1 
The SSD-210DX11 is 


the smallest and most 


oF 16) 423¢ 823 
SSD-248 

The SSD-248 is an 
intermediate B and M 
mode machine, with 


portable unit in the 
\loka range — A linear 
array scanner with a 


wide choice of probes both linear and Sector 


scanning capabilities 
incorporating Key board 
and joystick 


SSD-280L5 


S SID-S60 
The SSD-2S0LS is à 


The second generation 
" sophisticated and high 


of Aloka colour 
quality linear, convex 


f doppler with both 
e 1 i NA. 
—Á and sector scanner - : 


continuous and pulse 
A ‘ The most versatile unit 


wave facilities 
in the Aloka range 


ALOKA — LEADERS IN DIAGNOSTIC ULTRASOUND FOR 


* OBSTETRICS & GYNAECOLOGY * CARDIOLOGY 
* ABDOMINAL SCANNING * UROLOGY * SMALL PARTS 


PIONEERS IN REAL-TIME ULTRASOUND & COLOUR DOPPLER TECHNOLOGY 


For full details or a demonstration of the Aloka range of diagnostic imaging systems 
contact Key Med Customer Liaison on 0702 616333. 


Key Med — exclusive distributors for Aloka in the United Kingdom and the Republic of Ireland. 


-æ -— — — — — o P 
Scotland: KeyMed Peel House dywell East yinaston 
HeJMeC EH54 GAH. Telephone 10506) 416655 





Ireland: KeyMed Ireland Ltd |. KeyMed House Lord Edward 
$ $ " ; * "n i trite Stree Muhin B 
Specialised Services to Medicine VOU, EON vans A UAR 
KeyMed (Medical & Industnal Equipment) Ltd —_ 


KeyMed House, Stock Road, Southend-on-Sea, Essex SS2 50H 


USA: KeyMed Inc , 400 Airport 


Sor j Valley New fork 4 y 7 Teter hone O14 1 


Brown Boveri sets new standards: 
fully microprocessor- 

controlled linear accelerators 
DYNARAY-CH. 


Brown Boveri linear accelerators equipped with the DP 800 micro- 
processor control system have proved themselves in clinical practice. 
Users have helped to shape the software which has now reached a 
high level of maturity and reliability. 

The control system is the same on all DYNARAY-CH linacs 
whether your requirement is a photon only unit, a single photon and five 
electron energies to 16 MeV or dual photon and seven electron energies 
to 20 MeV 

Automatic routines for arc therapy, wedge fields, check films and 
assisted set-ups are amongst the standard features. The verification and 
record system DYNAVER S, available on all units, provides à 
complete record of settings and treatment 
usually on just two sheets 
of standard A4 paper. 

The computer of 
the DYNAVER M enables 
several therapy units to 
be linked at a higher man- 
agement level. 








We don't just promise it, 
we have it! 


For more information contact: 


British Brown-Boveri Ltd. or BBC Brown, Boveri & Company, Ltd. 
Darby House, Lawn Central Radiotherapy Department 


GB-Telford, Shropshire TF3 4JB PO. Box 58, CH-5401 Baden/Switzerland B B C 


Telephone (0952) 502 000 Telephone 056/75 4504 or 056/7511 BROWN BOVERI 


A Handbook of Physics for 
Radiologists and Radiographers 
by D. GIFFORD, 

With the recent rapid developments in radiation medicine, 
t i increasingly mportant that students and those 
working In the fleld of medical radiology should have a 

qualitative understanding of radiation physics. 

This book fills a long-fek need for a textbook which 
presents those parts of modem physics which wil be 
encountered by the medical radiologist, explaining the 
pnnapies of the techniques and equipment Involved, using 
analogy and wordforms where possible to replace 
mathematical argument and formulation. 


*... an excellent reference textbook" 
RAD 


0471901725 650pp Apri 1984 $34.75/£19.75 


Cancer of the Female 
Reproductive System 
Edited by CHRISTOPHER |. WILLIAMS and 
j. MICHAEL WHITEHOUSE 
This gulde to cancer of the female system 
provides a detalled explanation of the role of the initial 


diagnostic and staging investigations currently used in the 
treatment of gynaecological cancer, and ther Influence on 


subsequent therapy. 

It Is intended for the treating cinidan who does not have 
ready access to the diverse literature on such subjects as 
tumour markers, hormone markers, hormone receptors, 
cytogenetics and tumour doning, and the role of these 
techniques in the assessment of clinical response to 


therapy, and In the long-term control of gynaecological 
cancer 


Volume 3 in the Wiikey Senes “Cancer investipacon and Management” 
0471904708 384pp October 1985 — £4250/$74.80 


Computed Tomography: 
Assessment Criteria, CT System Technology, 
Clinical Applications 
|. ALEXANDER, W. KALENDER, G. LINKE 
The authors have specifically designed this book to meet 
the needs of radiologists, other medical personnel, and 
engineers who are frequently confronted with questions 


regarding medical and technical aspects of computed 
to 


mography. 
It is divided into four areas of interest: Assessment criteria 
for CT systems, CT system technology, Clinical 
applications, and Cost-effectrveness. 

A ‘Wiley-Seernens pubecanon 
0471990427  |76pp May 1986  £25.00/$41 50 


John Wiley & Sons Ltd 
Baffins Lane, Chichester, Sussex POI9 IUD, England 





STATE OF KUWAIT 


MINISTRY OF 
PUBLIC HEALTH 


CONSULTANT 
RADIOLOGISTS 


Applications are invited for Consultant 
Diagnostic Radiologists to work in well- 
equipped hospitals with modern imaging 
services including ultrasound, CT and, in 
the near future, MRI. 


Applicants, preferably Arabic speaking, 
should have FRCR, lrish Fellowship or 
American Board (Diagnostic Radiology) 
with adequate experience including CT 
and/or ultrasound, in recognised 
hospitals. 


A tax free monthly salary of 
1000-1200 KD (currently 1 KD = £2.3) is 
offered depending on experience, plus 
teaching allowance where appropriate. 
No exchange/currency restrictions in 
Kuwait. Free fully-furnished, air- 
conditioned accommodation is Included. 


Please send applications together with 
CV, copies of qualifications and certifi- 
cates of experience, names and addresses 
of two referees to: 


Ministry of Public Health 

PO Box b, Safat, 

13001, Safat, KUWAIT. 

Attn. Fayza Sulaiman (Mrs) 
Head, X-ray Office of the 
Undersecretary 





ENERGY ACCELERATORS 


SL25 6 & 25 x-rays 
4-22 MeV electrons 
ra — 
E 7  SL186 & 15 MV x-rays 
i Ne 4-18 MeV electrons 


SL20 6 & 18 MV x-rays 
4-20 MeV electrons 


SL15 6 & 10 MV x-rays 
_ 4-15 MeV electrons 
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* Dual x-ray energy facilities 
* X-Ray diaphragms with field offset facilities 


* Multiple electron energies for all 
treatment requirements 


* Treatment prescriptions stored on computer files 





THE MOST VERSATILE CONTROL SYSTEM 


Assisted set-up giving 
increased workload 
capacity. 


Concurrent prescription 
preparation and data 


retrieval on a secondary 
terminal. 


Set tS 


Se pm 
ee 


Multi-segment treatment techniques performed 

quickly and accurately under computer control. ^i 
Automatic data loggin for 
direct access to Philips’ international service centres. 


| Contact Philips at one of the addresses shown below 
for more information on our full range of equipment for radiation therapy 
Philips Medical Systems, Kelvin House, 63/67 Glenthorne Road, Hammersmith, London W6 OLJ. 
M.E.L. Manor Royal, Crawley, Sussex RH10 2PZ, 
Divisions of Philips Electronic & Associated Industries Ltd 
Philips Medical Systems Inc, 710 Bridgeport Avenue, Shelton, Connecticut 06484, United States of America. 
N.V. Philips, Medical Systems Division, Eindhoven, The Netherlands. 
a panties Medical 
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ANNA HAMANN 
SCHOLARSHIP PROGRAM 


for foreign students to study and train 
in the United States 


The American Society for Therapeutic Radiology and Oncology Education and 
Development Fund is seeking candidates for the Anna Hamann Scholarship Program. 


Eligibility Rules 


Each candidate must have completed at least two (2) years of specialised training in radiation 
oncology in a program outside the United States which is recognised by the board of directors of the 
American Society for Therapeutic Radiology and Oncology as providing suitable training in radiation 
oncology. 


Criteria for selection of Anna Hamann Scholars 


|. Record of achievement in prior work in the field of radiation oncology, particularly as an 
indication of potential for making a significant contribution to the field. 

2. Extent to which the particular professional goals of the candidate would be furthered by study 
and training in the United States. 

3. Interest of the candidate in teaching or practicing radiation oncology in his or her country of 
origin or in another country other than the United States following the period of study and training as 
an Anna Hamann Scholar. 

4. Financial need. 

5. Availability to the candidate of similar training through programs other than the Anna Hamann 
Scholarship Program. 


Post-selection requirements for candidates 


Before any portion of an Anna Hamann Scholarship grant may be paid to or on behalf of a 
qualified candidate selected by the board of directors, he or she must meet the following additional 
requirements: 

|. Be accepted into a program of advanced training in radiation oncology in the United States which 
is acceptable to the board of directors of the American Society for Therapeutic Radiology and 
Oncology. 

2. Satisfy the general requirements applicable to foreign physicians coming to the United States for 
postgraduate training, including passing the examination administered by the Educationa! 
Commission for Foreign Medical Graduates. 

3. Obtain all required permission from appropriate immigration authorities to enter the United 
States and to remain in the United States for the period of time required to complete the designated 
course of postgraduate study and training. 


To suggest a candidate or to request additional information, please contact William T. 
Moss, MD, Chairman, Department of Radiation. Therapy, Oregon Health Sciences 
University, 3181 S.W. Sam Jackson Park Road, Portland, Oregon, 97201, U.S.A. 


xvii 


xviii 


Get Essential Accessories For Your 
Capital Equipment Purchase—From RMI 


Progressive medical centers around the world are \ \ 
choosing RMI when making capital equipment pur- 
chases; saving thousands of dollars on equipment 
maintenance, down-time and retake costs. 


At RMI, we specialize in featuring a straightforward, 
comprehensive ‘‘cook-book’’ approach to quality 
assurance programs. With our tools for Rad/Fluoro 
svstems, Ultrasound, DSA, CT scanners, and Radio- 
therapy, you can begin accumulating data for quality 
assurance programs with your first application. 


The cost of RMI’s devices can easily be included when 
negotiating the price of your new equipment. When 
making your purchase, specify RMI's Quality Assur- 
ance Tools — they're the quickest, most convenient 
way to initiate a proper QA program. 

Call RMI today for details and more information. 














® Radiation Measurements, Inc. Vinten Instruments Limited 
7617 Donna Dr. / PO. Box 327 / Middleton, WI 53562. lessamy Road, Weybridge, Surrey, England KTI3 SLE 
Telephone: 608-831-1188 / TLX: 510-601-9035 Telephone: (0932) 57711 / TL X: 929823 





















*:| Royal Postgraduate Medical School 


{ riversity ot London) 


THE FIRST 
HAMMERSMITH DVI COURSE 


9-13 February 1987 


NOTICE TO 
ADVERTISERS 


The British. Journal of Radiology is 
pleased to announce a new rate 
protection policy for advertisers, 
securing 1986 rates through to 
December 1987. 


To benefit from this new policy, 
advertisers should notify the Advertising 
Department, in writing, of all of their 
1987 bookings by Tuesday 
November 18, and 1986 rates will be 
extended to those orders. 





Applications are invited for this comprehensive course on 
digital subtraction angiography (DSA). ultrasound and 
other vascular imaging methods to be held at the Royal 
Postgraduate Medical School, Hammersmith Hospital. 


The course will cover all aspects of DSA including 
technical and radiographic considerations, interventional 
and research applications. Lectures from invited experts 
from the UK, Europe and the USA will be accompanied 
by practical seminars, workshops and live video trans- 
mission of cases. 


Course Organiser. Dr Anne Hemingway 
(Senior Lecturer) 





Any alterations to the 1987 schedule, 


however, will result in the reapplication 
of full 1987 rates. 


Application forms are available fram: 
School Office 
Royal Postgraduate Medical School 
Hammersmith Hospital 
Du Cane Road 
London W12 OHS 


Tal: 01-740 3118 





So, avoid the increase in rates and send 
bookings for next year to: 


The Advertising Department, The British 
Journal of Radiology, 36 Portland 
Place, London WIN 4AT before 
November 18 1986. 


Course fee: £195 (including coffee, lunch, tea and social 
programme). 
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Nuclear 
Enterprises 


al NEM 


Nuclear Enterprises Limited 
Bath Road, Beenham, Reading, RG7 5PR 
Telephone: Reading (0734) 712121 Telex: 848475 
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CAR '87 
Computer Assisted Radiology 


Berlin, Juli 1—4, 1987 
International Symposium and Exhibition 
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and surgery. 
Clinical Aspects. E n 
@ Digital imaging Modalities 


(Tomographic imaging, Digita! $£ 
Radiography and Anglography) PT TT TTT 


€ Methodologies and Algorithms 

€ Data Transmission and Remote 
Processing in Networks 

€ Paralleliem and Very Large Scale 
Integration 


@ imaging Hardwere 
€ interfaces and Standards 


Soolal Aspects 

@ Effect of CAR on the Patient 

@ Effect of CAR on Physician 

€ impact of CAR on the Health Care 
System 


€ impact of CAR on Medica! Educa- 
tion 





POLY/CAST 


E e Field-castable neutron 
shielding 


y € Used for walls and 
| ceilings of accelerator 
installations 


le Simple to use water- 
base mix 


Installation of POLY/CAST in 
accelerator room roof far personnel 
protection 


For further information contact: 


[7] REACTOR EXPERIMENTS, INC. 


963 Terminal Way, San Carios, CA 94070-3278 
Our representative in the U.K.: 


419/592-3355 e TELEX: 345505 (Reactex SCLS) 
+ 
HY 


John Caunt Scientific, Ltd. 


MID GLAMORGAN HEALTH AUTHORITY 
SURPLUS X-RAY 
EQUIPMENT 


Due to reorganisation of services, X-ray 
equipment is offered for sale. 


Two well-maintained working units available. 


Eor detailed information, please contact Mr R. 
Phillips, Superintendent Radiographer, 
Princess of Wales Hospital, Bridgend (0656 
62166). 


British Journal of Radiology 


All enquiries for space should be addressed 
to: 


Advertisement Department 

The British Journal of Radiology 
36 Portland Place 

London WIN 3DG 

Tel. 01-631 1168 
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Shield Your Accelerator Room. 


BORATED FLEX/PANEL 


@ Large, easy-to-install 
sheets. Flexible or rigid 


E © Used on walls and ceilings 
E — of treatment rooms to 
reduce capture gammas 
and minimize activation 
of concrete 

Borated FLEXIPANEL minimizes activation 
of concrete walls in treatment rooms 


BORON-LOADED 
POLYETHYLENE 


e High Attenuation of 
Neutrons 


€ Used in hundreds of 
accelerator rooms 


Boron-loaded polyethylene for shielding 
against neutrons 


Oakfield Industrial Estate Eynsham, Oxford OX8 1JA Tel: Oxford (0865) 880479. Telex: 838852 JCS G 

























To be reprinted from British Journal of 
Radiology, 1984, 57, 955-976 


Review article: Biomedical 
applications of the 
relaxation behaviour of 
water related to NMR 
imaging 

by R. Mathur de Vré, Institute 
d'Hygiène et d’Epidémiologie, Brussels 


This important review of the basis of 
NMR imaging builds up the essential 
picture needed to understand the 
directions of future research. 


Reprints, price 50p each, available 
from: 


Publications Office 

The British Institute of Radiology 
36 Portland Place 

London W1N 3DG 

Tet: 01-580 4085 


(Remittance with order please) 





THE BRITISH INSTITUTE OF RADIOLOGY 


RADIOLOGY ‘87 
SOUTHAMPTON 


45th Annual Congress and Exhibition, 1-3 April 1887 


Incorporating the joint spring meeting of the Institute with the Royal College of 
Radiologists and the Section of Radiology of the Royal Society of Medicine. 


The meeting will cover all aspects of the radiological sciences and a wide-ranging 
programme which will be of interest not only to radiologists, radiotherapists, 
radiographers and physicists but also to many others who are involved In or connected 
with radiology. Highlights include: 


@ BIR Presidential Address Professor R J Barry 

@ BIR Mackenzie Davidson Memorial Lecture Professor M J Peckham 
@ BIR Mayneord Lecture sponsored by 3M UK Plc Dr F Fry 

@ RCR George Simon Lecture Dr J C Batten 

@ Poster and technical exhibition 


Authors are invited to submit one or more For further Information and registration 
papers for presentation orally or by poster details please apply to: 

on any aspect of the radiological sciences a 

by 30 November 1986 to: 


The Scientific Programme Chairman The Programme Office 
The British Institute of Radiology 


36 Portland Place, London W1N 4AT 
Telephone 01-680 4086 
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J. E. Bonneville, F. Cattin, Besancon; J. L. Dietemann, strasbourg 
Computed Tomography 
of the Pituitary Gland 


With a Chapter on: Magnetic Resonance Imaging of the Sellar and 


Juxtasellar Region - By M. Mu Huo Teng and K. Sartor 


1986. 275 figures in 598 separate illustrations. IX, 238 pages. 


Hard cover DM 248,.-. ISBN 3-540-15324-1 


CTof the Pituitary Gland is the first work devoted exclusively to the morpholo- 
gical investigation of the pituitary gland and neighbouring regions by compu- 
ted tomography. It provides a valuable guide to the techniques necessary for 
achieving an optimal image so as to detect even the smallest lesions. The re- 
sults are basically presented i in the form of an iconography with substantial 
commentary to allow easy differential diagnosis. The work will be of great use 
in daily practice to radiologists, endocrinologists and neurosurgeons alike. 


J. F. Bonneville, Besancon: J. L. Dietemann, Strasbourg 


Radiology of the Sella Turcica 


1981. 370 figures in 693 separate illustrations. 
XXII, 262 pages. Hard cover DM 248,- 
ISBN 3-540-10319-8 


From the reviews: 

"... The book provides an accurate and detailed account of 
the normal and pathological sella turcica. Itis well written 
and profusely illustrated with carefully chosen radio- 
graphs of excellent quality. 
The book is strongly recommended to neuroscientists and 
to radiologists studving for higher examinations, but gene- 
ral radiologists also will find the book, especially the chap- 
ters on normal variants and intrasellar lesions, interesting 


and profitable reading." m TE 
P TOM British Journal of Radiology 


Springer-Verlag 
Berlin Heidelberg New York London Paris Tokvo 


Heidelberger Platz 3, D-1000 Berlin 33 - 175 Fifth Ave.. New York. NY 10010, USA 
= Lurke Street, Bedford MK40 3HU. E. ngland ^ 26, rue des Carmes, F-75005 Paris 
7-3, Hongo 3-chome, Bunkvo-ku. Tokyo H3 Japan 
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Focus on Chemonucleolysis 


Editor: J. E Bonneville, Besancon 


1986. 58 figures. Approx 175 pages. 
Hard cover DM 124.-. 
ISBN 3-540-16533-9 


Focus on Chemonucleolysis covers all practical aspects of 
this efficient, low-risk and cost-effective method of treat- 
ing hernia of the lumbar disc. 

The book deals in detail with the indication and contra- 
indications of the method. Possible reasons for failure are 
analysed, refering to findings seen on the scanner as well 
as to surgical findings after chemonucleolysis has failed. 
several chapters offer thorough coverage of technical pro- 
blems and a whole chapter is devoted to anaphylactic acci- 
dents and how to prevent or even, where possible, to cure 
them. 


The book will be indispensable to all orthopedic surgeons, 
neurosurgeons, rheumatologists. and radiologists inter- 
ested in the enzymatic action of chymopopain on the inter- 
vertebral disc, the indications, and the safest possible 
method of injecting the enzyme into the disc. 


Springer 


LET US DEAL WITH 
THE OTHER 74 FOR YOU 


The 12th edition of “Everything X-ray" will cover the 
products of well over seventy-five different manufacturers of 
X-ray accessories, each with his own wide range of articles. 


We have dealt with the majority of them for several 
decades and are on excellent terms with most—probably 
because we have paid our bills strictly monthly ever since 
19141 


Because we specialise in X-ray accessories only we have 
a unique knowledge of this limited sphere of trading. Our 
good relations with the other 74 manufacturers stand us in 
good stead when we need express delivery by them of any 
articles of which we are temporarily out of stock. 


Splitting a department indent by ordering from perhaps 
five different suppliers results in your having to identify five 
different producers, issue five separate purchase orders, 
progress each order, process each separate account, and 
make five separate payments. 


Why not leave it to Everything X-ray Limited to simplify it 
for you, as Cuthbert Andrews did since 1914? 


EVERYTHING X-RAY LTD 


(CUTHBERT ANDREWS) 


5 HIGH STREET, BUSHEY VILLAGE, WATFORD WD2 1BE 


Telex 
Evex 925060 Ewood G dies pete 
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Magnetic resonance imaging of the cerebello-pontine angle 
By R. R. Mawhinney, M.B., Ch.B., F.R.C.R., J. H. Buckley, M.B., B.Ch., M.R.C.P., F.R.C.R. and 


B. S. Worthington, B.Sc., M.B., B.S., F.R.C.R. 


Academic Department of Radiology, Queen's Medical Centre, Nottingham 


(Received March 1986) 


ABSTRACT 

A variety of extra-axial lesions occurring at the cerebello- 
pontine angle was examined by magnetic resonance imaging 
(MRI). Differences in spin sequence characteristics were found 
between neurilemmomas and meningiomas, with 
neurilemmomas exhibiting a greater increase in 7, than 
meningiomas. The 7, images were of less value in 
differentiating between neurilemmomas and meningiomas but 
were of value in the diagnosis of vascular lesions, due to the 
decreased T, of blood clot. The T, images were also of value 
in the assessment of tumour size and in the diagnosis of an 
epidermoid cyst. Extension of tumour into the internal 
auditory meatus was seen on MRI with acoustic neuromas and 
with one other lesion. The transverse perspective was of 
greatest value in lesion assessment. The coronal perspective 
was useful in certain situations but the sagittal perspective was 
of minimal clinical value. 


Magnetic resonance imaging (MRI) was recognised 
early to be an excellent imaging technique for posterior 
fossa lesions (Bydder et al, 1983) and the cerebello- 
pontine angle (CPA) has received considerable attention 
with respect to the commonest tumour found at this site, 
namely acoustic neuromas (Young et al, 1983; DeFilipp 
& Buchheit, 1985; Kingsley et al, 1985). Magnetic 
resonance imaging is of particular value since even 
small lesions, previously visible only by computed 
tomography (CT)-assisted air meatography, can be 
imaged directly (Young et al, 1983; New et al, 1985). 
Sensitivity can be further improved by the use of 
gadolinium-DTPA (Curati et al, 1985). 

Other lesions, notably meningiomas and epidermoids, 
though considerably less common than acoustic 
neuromas (Hitselberger & Gardener, 1968; Kieffer et al, 
1975; Olson et al, 1978) do, however, occur at the CPA 
and may present diagnostic difficulues on CT (Claveria 
et al, 1977; Rao & Woodhef, 1979). 

The MRI characteristics of a variety of lesions 
occurring at the CPA were examined. Particular reference 
is made to features of use in differential diagnosis and 
to areas where MRI may have an advantage over other 
imaging techniques, especially CT. As mentioned 
above, because acoustic neuromas constitute some 80% 
of CPA lesions and meningiomas about another 1095, 
all other lesions are relatively rare. In these latter cases, 
observations are, of necessity, preliminary. Where 
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numbers are larger, an attempt has been made to 
analyse specific features. 


PATIENTS AND METHODS 

Twenty-three patients with extrinsic lesions involving 
the CPA are included: details are given in Table I. All 
cases were confirmed either by surgery or by post- 
mortem examination and subsequent histology, with the 
single exception of an epidermoid, where diagnosis was 
based on typical CT features (Fig. 9r) Purely 
intracanalicular neuromas and other cases without 
histological confirmation are excluded. 

The majority of patients had either a neurilemmoma 
or a meningioma (mean patient ages of 42.5 and 46 
years, respectively). Two neurilemmomas did not arise 
from the VIII nerve. One arose from the IX nerve. The 
origin of the other was obscure but it was not from VII, 
VHI or IX nerve. 

Magnetic resonance scans were performed on a 
commercial Picker 0.15 T resistive system using a 
multislice technique with non-contiguous cuts 10 mm 
thick. A variety of spin sequences and scan planes were 
employed. The mean number of sequences was 3 (range 
2-5) and the mean number of scan planes was 2.3 
(range 1-3) per patient, Spin sequences included an 
inversion-recovery (IR) sequence in all but one patient 
(who could not tolerate the scanner long enough) and 
all but one (a 5-year-old girl for the same reason) had 
an essentially T -weighted spin-echo (SE) sequence. 

All patients also had a CT scan, most being 
performed on a fourth-generation scanner with a high 
resolution mode. 

All lesions were assessed with respect to their spin 
characteristics on T,- and Z7,-weighted images. A 
comparative seven-point scale of signal intensity was 
employed, using normal tissues as reference, for both 
T, images (SE: TE > 60; TR > 1000) and 7, images 
(IR: TI = 500-600; TR = 1500—2000). Details are given 
in Table IH. The petrous bone allowed a clear separation 
between scores —2 and —3. Separation between +2 
and +3 was more subjective. A lesion was scored +3 
when its signal appeared greater than all other 
surrounding structures, including subcutaneous fat. The 
scoring system is illustrated by Figs lA, Ip, 2, 4B and 
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64. Tumour homogeneity, the presence or absence of a 
low-signal rim surrounding the lesion and extension 
into the internal auditory canal (IAC) were noted. 


RESULTS 

Lesion spin sequence characteristics are detailed in 
Table III. It can be seen that neurilemmomas generally 
have more extreme scores than meningiomas. No 
meningioma scored +3, whereas 
neurilemmomas did so, and the combined SE and IR 
score (SE -- IR) did not exceed four, while 60% of the 
neurilemmoma group scored five or six. A very long T, 
was also found with four neurilemmomas. One 
meningioma and one epidermoid had a similarly 
prolonged 7,. 


TABLE I 
CEREBELLO-PONTINE ANGLE LESIONS BY PATHOLOGY 





No. of patients 


Neurilemmoma (VIII nerve) 8 
Neurilemmoma (other) 2 
Neurofibroma (bilateral) | (2 lesions) 
Meningioma S 

Epidermoid 2 
Rhabdomyosarcoma | 

Cavernous haemangioma | 

Chronic abscess | 

Aneurysm 2 

Total 23 (24 lesions) 


EEE ——— — — 7^ 


50% of 


Fic. 1. 


Meningioma. (a)IR 1800/500. The 
meningioma is seen as a very low-signal 
lesion occupying the right CPA. Tumour 
signal is lower than the adjacent petrous 
bone (score, IR  —3). (W = 903, 
L = 247.) (B) IR 1800/500. Scan at a 
slightly higher level than (4) showing 
extension above the petrous ridge. 
(W = 903, L = 247.) (c) IR 2000/600. 
Repeat scan | year later, after surgery, 
showing recurrence of the meningioma. 
Even allowing for the slightly different 
sequence, the lesion shows an undoubted 
increase in signal intensity from the 
original scan. (W = 903, L = 247.) 
(D) Coronal SE 1000/60. The meningioma 
(arrows) shows the same signal intensity 


as grey matter, making identification 
difficult (score, SE+1). (W = 799, 
L = 364.) 


Of the 19 tumours imaged by both 7,-weighted SE 
and by IR sequences, the tumours were seen better on 
T, images in 11, equally well in six, and better on IR in 
two, The limitation of the IR sequence at the CPA is 
largely due to difficulty in separating tumour from the 
petrous bone, which often has the same signal (Fig. 48). 
While 7, sequences are, therefore, generally superior, 
they may, nevertheless, be misleading. In two cases, T, 
images were more accurate In assessing tumour extent 
(Fig. 4). The IR sequences also provided convincing 
evidence of the presence of blood clot in the case of the 
aneurysms. This was sometimes confirmed by the 
finding of flow-related enhancement and more 
specifically led to sequences to demonstrate the 
abnormal blood-flow using even-echo rephasing tech- 
niques (Bradley & Waluch, 1985) (Fig. 5). 

Of the eight acoustic neuromas, there was widening 
of the internal auditory meatus (IAM) as assessed by 


TABLE Il 


COMPARATIVE SCORING OF LESION SIGNAL INTENSITY 





Signal intensity of lesion (L) Score 
L » grey matter +3 
L > grey matter +2 
L = grey matter + | 
L = brain stem 0) 
Petrous < L < brain stem -] 
L = petrous bone -2 
L « petrous bone —3 


————————————MM —————— 
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FIG. 2. 


SE 1000/60. Petrous meningioma extending into the CPA. The 
lesion shows a higher signal than grey matter (score, SE+ 2). 
The right IAC (arrow) is normal. (W = 914, L = 435.) 


CT in six cases. Widening was also produced by a 
cavernous haemangioma (Fig. 7) but by no other lesion. 
Of these seven cases with IAC widening on CT, 
extension into the IAM was visible in five on MRI (Figs 
3A, 4A and 74A). 

The presence of a low-signal rim, suggesting an extra- 
axial lesion (Zimmerman et al, 1985), was found in 
three cases (Figs IB, c and 6). Two of these were 
neurilemmomas and the other was a meningioma. 

Tumour homogeneity was also assessed. Both the 
meningioma and the neurilemmoma group showed 
evidence of tumour heterogeneity in roughly half the 
cases. While heterogeneity was often better demon- 


strated on either the 7, or T, sequence in individual 
cases, overall neither sequence was more sensitive than 
the other. 

Both epidermoids were consistent in showing a high 
signal on 7T,-weighted sequences but showed differing 
appearances on IR. One had an increased signal on 7, 
images (Fig. 8D) while, conversely, the other demon- 
Strated a very low signal, indicating a prolonged 7, 
(Fig. 9B, c). 

The transverse plane was undoubtedly the most 
satisfactory for imaging the CPA, giving the best 
demonstration of mass effect and extension, where 
present, of tumour into the IAC. The coronal 
perspective was of some value with large lesions in 
demonstrating anatomical relationships, particularly to 
the tentorium (Figs Ip and 9p), and was the only 
projection which clearly demonstrated the extra-axial 
component of a chronic abscess (Fig. 10D). In no case 
was the sagittal perspective of any specific diagnostic or 
clinical value. 


DISCUSSION 
Our results suggest that the finding of a high-signal- 
intensity lesion at the CPA on T,-weighted sequences is 
against the diagnosis of a meningioma. This is at 
variance with a recent report which found signal 
intensity to be of no value in differentiating 
meningiomas from neurilemmomas (Mikhael et al, 
1985). That report, however, looked at only two 
meningiomas and is not supported by other workers, 
who have shown meningiomas to be unusual in 
comparison with other tumours in having relatively 
short 7, and T, times (Bydder & Young, 1985). This 
results in meningiomas exhibiting only minimal increase 
in intensity with increasing 7, weighting (Bradley et al, 
1985). The use of even more strongly 7,;-weighted 
sequences could therefore have been expected to produce 
an even greater separation of meningiomas from other 

tumours than our results suggest. 
Forty per cent of the neurilemmoma group had a 


TABLE III 
SPIN INTENSITY SCORES AGAINST PATHOLOGY 





Pathology No. of cases 
Spin-echo (T,) score 
+3 +2 

Neurilemmoma $ 4 

Meningioma 0 2 

Neurofibroma 0) 0 

Epidermoid 2 0 

Cavernous haemangioma | 0 

Aneurysm | | 

Chronic abscess | 0 


Inversion-recovery (7,) score 





+] — | —2 —3 

| | 4 4 

3 | 3 | 

2 0 2 0) 

0 0 | (+2) | 

0 Ü 0 1 (+3) 
0 0 1 (+2) | (+3) 
0 | 0 0 





Numbers in brackets represent positive values on IR. The rhabdomyosarcoma is not included as no 7, sequence was performed, 


One neurilemmoma had no IR sequence. 
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FIG. 3, 


Acoustic neuroma. (Aa) SE 1200/80. 
Classical appearances of an acoustic 
neuroma showing extension into the IAC. 
Normal night IAC (arrow). (W = 639, 
L = 367.) (B) Coronal SE 1200/40. The 
normal right IAC is seen (arrows) while 
on the left, tumour is seen directed into 
the canal. Note also decreased tumour 
signal intensity on this less 7,-weighted 
sequence. (W = 1195, L 460.) 


FIG. 4 
Acoustic neuroma, (A)SE 1500/60. 
Widening of the IAC is again apparent 
Ihe borders of the tumour are not 
defined laterally (W = $27, L = 209.) 
(B) IR 2000/500. The tumour cannot be 
differentiated from petrous bone (score, 
IR 2) but its boundaries within the 
CPA are more accurately defined due to 
contrast with adjacent cerebrospinal fluid 
(W = 864, L = 237.) (c) Enhanced CT 
scan (W 157, L = 58). Close correla- 
uon with the IR image is seen 
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FIG. 5. 


Basilar artery aneurysm. (A) SE 2000/80. 
An area of high signal is present anterior 
and slightly to the right of the pons. 
(W = 913, L = 337.) (B) IR 1800/400. At 
the same level as (a). High signal is seen 
at the same site, indicating either blood 
clot or fat. Very high signal (arrows) is 
present due to paradoxical enhancement 
from slow-flowing blood. (W = 1038, 
L = 364.) (c) Coronal SE 500/40. The 
aneurysmal basilar is seen running 
obliquely anterior to the brain stem. 
(W = 853, L = 383.) (b) Even echo sub- 
traction (TE 22 and 41: TR 1000). 
Confirms the presence of flowing blood 
by demonstrating high signal within the 
lesion (arrow). (W = 328, L = —25.) 


FIG. 6. 


Neurilemmoma. Not arising from VIII 
nerve. (A) SE 1200/80. The lesion shows a 
high signal on this 7,-weighted sequence 
(score, SE+3). Note the surrounding 
low-signal rim (see text). (W = 949, 
L = 257.) (B) IR 2000/500. Low tumour 
signal with the surrounding low-signal 
rim again well seen. (W = 949, L = 158.) 


FiG. 7 


Cavernous haemangioma. (A) SE 
1200/80. The lesion is clearly seen with 
extension into the IAC. (W = 982, 
L = 347.) (B) IR 2000/500. High signal is 
seen localised at the CPA and the IAC is 
not seen. The presence of either fat or 
blood clot is implied. At surgery 
haemorrhage into the lesion was con- 
firmed. (W = 982, L = 250.) 
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Fic. 8. 


Epidermoid. (4) SE 500/40. A lobulated 
mass lesion is seen within the left CPA 
(W = 837, L = 336.) (B) SE 500/40. The 
tumour extends superiorly distorting the 
brain stem. (W = 8I8, L = 334) 
(C) Coronal SE 2000/80. The lesion 
demonstrates very high signal on this T,- 
weighted sequence. (W — 1511, L — 428.) 
(D) IR 2000/500. The lesion shows high 
signal on this 7, sequence representing 
blood or, in this case, fat. (W = 1197, 
L = 307.) (E) Enhanced CT scan 
(W = 152, L = 58). Scan at the same level 
as (A). The lesion (arrowed) is poorly 
defined, causing difficulty in assessing its 
full extent. 
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Magnetic resonance imaging of the cerebello-pontine angle 
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FIG. 9, 


Epidermoid. (4) SE 2000/80. A large 
lobulated mass lesion is present in the 
right CPA. The IAC is normal. 
(W = 1141, L = 418.) (B) IR 1800/500. At 
the same level as (A). The margins of the 
lesion are better defined due to very low 
signal contrasted against normal brain. 
(W = 1126, L —415.) (C) IR 1800/500. 
Superior extension with distortion of the 
brain stem is seen (W = 1126, L = 415.) 
(D) Coronal IR 1500/100. This short 
time-inversion (TI) sequence conversely 
shows the lesion as a high-signal mass. 
The coronal perspective allows addition 
appreciation of anatomical relationships 
(W = 1269, L = 445.) (E) Enhanced CT 
scan (W = 184, L = 60). Lobulated low- 
attenuation mass showing close correla- 
tion with the IR sequence (B) though 
margins are less clearly defined 
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markedly prolonged 7, (score —3). One meningioma 
showed a similarly increased 7,, but this appears to be 
atypical (Fig. 1A, B). In a larger series of meningiomas, 
including supratentorial lesions, we have found no 
other instance of such marked prolongation of T, 
(Mawhinney et al, 1986). It is interesting that when the 
meningioma in question was rescanned a year later, 
after surgery, recurrent tumour present showed con- 
siderable shortening of T,, to within the range we have 
observed with other meningiomas (Fig. 1c). 

The epidermoids were also of interest in. showing 
contrasting 7, values. Epidermoid cysts are filled with 
keratin, which would not be expected to produce 
shortening of T,, but in a minority of cases the keratin 
in the cyst undergoes degeneration to produce a lesion 
containing large amounts of free, cholesterol-like lipid 
(Russel & Rubinstein, 1977). Such would 


Cases 


consequently be expected to demonstrate shortening of 


T, as seen in one of our cases (Fig. 9). Latack et al 
(1985) reported one case of a calculated 7, shortening 
from three cases studied but, in another review of 12 
intracranial epidermoids, no increased tumour signal 
was observed on 7,-weighted SE sequences (Kortman 
& Bradley, 1985). 

The finding of a low-signal lesion on IR sequences 1s 
therefore non-specific, though a very low signal is 
against a diagnosis of a meningioma. An increased 
signal on IR is considerably more useful, as it suggests 
either an epidermoid or a vascular lesion. In our case 
there was no reasonable doubt that the epidermoid was 
indeed a tumour. Where a vascular lesion is suspected, 
additional flow sequences can be performed to confirm 
the diagnosis (Fig. 5D). 

Extension of tumour into the IAC is also supportive 
evidence for a diagnosis of neurilemmoma, but it is not 


Fic. 10. 


Chronic abscess. (A) SE 500,40. The right 
CPA is obliterated. The IAC is normal. 
(W = 836, L = 327.) (B) SE 2000/80. The 
pathology is highlighted by 7, weighting 
but the anatomical situation. remains 
unclear. (W —836, L = 327.) (c) IR 
2000/500. The fourth ventricle is. better 
defined. The lesion shows decreased 
signal. (W = 836, L = 327.) (p) Coronal 
IR 2000/500. The extra-axial component 
of this lesion is. demonstrated (black 
arrows) and was confirmed at surgery 
The IAC is normal (white arrow). 
(W = 779, L = 266.) 


specific (Fig. 7). We failed to identify extension in two 
cases where it was presumably present, based on CT 
findings of IAC widening. In these cases we did not 
define the canal on MRI. This is explicable on the basis 
that our scan protocol employs non-contiguous slices 
and the canal may therefore have fallen between cuts. 
The use of overlapping slices should overcome this 
problem 

As stated above, MRI has been shown to be superior 
to CT in the assessment of acoustic neuromas although 
CT probably remains superior to unenhanced MRI in 
defining posterior fossa meningiomas (Mawhinney et al, 
1986). With respect to the remaining CPA lesions in this 
study, MRI was as good as or better than CT. In 
particular, the aneurysms were diagnosed with consider- 
ably greater confidence by MRI, while the epidermoids 
were more clearly identified and their anatomical 
relationships better defined by the multiplanar capacity 
of MRI (Figs 8 and 9). 
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Neuroanatomy and Cranial Computed Tomography Ed by H.- 
J. Kretschmann and W. Weinrich, pp. 168, 1986 (Georg 
Thieme-Verlag, New York), DM 198. 
ISBN 0—86577-212—6 (New York) 

3-13—672601—4 (Stuttgart) 
The strength of this book lies in the beautifully drawn and 
presented diagrams of detailed anatomy and of functional 
anatomy of the various sensory and motor systems. The 
diagrams depict the distribution of the systems longitudinally 
and in sections made in the orbito-meatal plane commonly used 
for CT and transverse MRI. 

Bony structures, CSF spaces, blood vessel anatomy 
distnbution and supply as well as the internal structure of the 
brain are all described. 

The effects of common lesions produced in various 
gtuations are briefly discussed; this serves to emphasise 
effectively their importance and impress the anatomical 
features upon the memory. 

The authors do not reproduce actual CT or MRI images but 
use instead annotated tracings from them; this technique helps 
to emphasise particular features and does not detract from the 
sections as teaching material. 

The book can be recommended for routine dally use m 
improving anatomical and functional localisation of lesions in 
radiological departments involved in cranial computed 
tomography. It provides the basic background knowledge 
essential for interpretation of CT sections, and the ease with 
which this can be assimilated from the excellent diagrams 
should appeal to both medical students and postgraduate 
neuroscientists studying this field. 

BRIAN KENDALL 


Functional Mapping of the Brain in Vascular Disorders Ed. by 
Wolf-Dieter Heiss, pp. 126, 1985 (Springer-Verlag, Berlin), 
DM 56. i 
ISBN 3—540-15801—4 
Thus book is based on the proceedings of a symposium dealing 
with functional studies in cerebrovascular disease held in 
Hamburg in 1985. The principal techniques discussed are 
proton and sodium NMR imaging, phosphorus NMR 
spectroscopy, the use of PET with !^O to detect uncoupling of 
flow and metabolum in brain ischaemia, pre-stroke, acute 
stroke and chronic infarction. The effects of focal ischaemia on 
the metabolism of distant parts of the brain and the study of 
synthesis using cesential amino acids labelled with ‘°C are 
presented 

All of the contributors are invited experts in their fields; the 
papers are a review of both ther personal work and the 
relevant hterature, and each chapter is accompanied by a 
useful bibliography. The subjects are presented in a fashion 
suitable for non-experts to be able to appreciate the 
contnbuton of these complex methods to the fundamental 
understanding of metabolic processes ín vivo and the practical 
implications in individual patients. The book is recommended 
to service neuroradiologists as an casy way of keoping abreast 
of progress in research in this field. 

BRIAN KENDALL 


Pocket Atlas of Cranial Magnetic Resonance Imaging. By 
V M. Haughton and D. L. Dames, pp. 61, 1986 (Raven 
Press, New York), $14.00 

ISBN 0-88167-171-1 

This pocket atlas contains 52 labelled magnetic resonance 
(MR) mages demonstrating normal anatomy of the bram in 
the transverse, coronal and- sagittal planes. A single T,- 
weighted spin-echo sequence unng a high field system (1.5 T) 
has been selected for display and labelling of the normal 
anatomy. There is an insert of an invermon-recovery san 
marked with a line indicating the plane of section for each 
image There is no text and the only figure captions relate to 
two spin-echo images with proton density-weighting shown for 
comparison. A few selected references are also 

The mmage quality, as one would expect, is excellent, but the 
anatomical detail is somewhat limited and not enough to be of 
use to practising radiologists involved in MR scanning, It is a 
pity that comparative inversion-recovery images, which show 
more exquisite anatomical detail, were not selected as well. In 
general, T;-weighted mages are more sensitive for the 
detection of cerebral pathology, but inversion-recovery images 
have a place and should not be ignored. 

In view of the limited availability of MR scanning in the UK 
at the present time, the greatest market for this atlas would be 
in the USA. However, it does elegantly display the multiplanar 
facility of MR imaging and would be useful to medical 
students, radiographers, interested clinicians and traming 
radiologists as an aid to learning cerebral anatomy. The atlas, 
which has a strong plastic cover and binding, is good value. 

J. P. R. JENS 


The Cerebral Infarct: Pathology, Pathogenesis and Computed 
Tomography. By K.-J. Zilch, pp. 104, 1985 (Springer-Verlag, 
Berlin), DM 98. 
ISBN 3-540-15866~9 (Berlin) 

0-387-15866-9 (New York) 
This book presents a series of photographs of brain sections 
which demonstrate the many and vaned manifestations of 
brain ischaemia and infarction. Selected computed tomograms, 
made from a different series of patients but showing ischaemic 
lesions appearing very smilar to those demonstrated by the 
pathological specimens, are used for correlation of the types of 
pathology which could be expected to underiie the CT 
appearances. Line drawings are effectively used to explain the 
pathogenesis of uchaemia, particularly emphasising the effects 
of artenal blockage or stenosis at various sites, and of 
collateral flow in influencing the production and siting of 
infarcts and of the border zones between arterial terntores in 
which ischaemia occurs. 

The author's extrapolations from pathology to computed 
tomographic appearances are so well expressed pictonally as 
to make the short text superftuous. 

Professor Zulch’s concepts are now widely accepted and the 
information obtained in this monograph will be- familiar to 
neuroradiologists. Nevertheless, it is well presented and gives a 
firm basis for understanding the complexities of corebral 
infarction and its CI manifestations, which should be 
particularly valuable to undergraduate and postgraduate 
students. 


BRIAN KENDALL 
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ABSTRACT 

Domperidone 8 mg intravenously and metoclopramide 10 mg 
intravenously, in patients given a standard barium sulphate 
preparation, were compared with a rapid-transit barium (E-Z- 
Paque, E-Z-Em) in a double-blind random controlled manner. 
E-Z-Paque and metoclopramide given with a standard barium 
preparation decreased small-bowel transit time and resulted in 
fewer radiographs being taken. Gastric emptying occurred 
most rapidly with metoclopramide and a standard barium 
sulphate preparation. There was no significant difference in the 
quality or diagnostic accuracy of the examinations with any of 
the three techniques, and no difference in the incidence of side- 
effects with the two drugs. 


Metoclopramide, an effective agent for increasing the 
rate of gastric emptying and stimulating intestinal 
peristalsis (Baeyens et al, 1979), is widely used in 
barium small-bowel studies to decrease the duration of 
what is often a lengthy procedure. However, meto- 
clopramide acts centrally on the nervous system and 
occasionally has extrapyramidal side-effects, mainly in 
the form of dystonic reactions (Bretland, 1984). Death 
has been reported following a dystonic reaction due to 
metoclopramide (Casteels van Daele etal, 1984). 
Domperidone, a potent dopamine antagonist, has also 
been shown to increase the rate of gastric emptying 
and small-intestinal transit (Debontridder, 1980). 
Domperidone does not cross the blood-brain barrier 
and is, therefore, unlikely to cause extrapyramidal side- 
effects (Howarth et al, 1967), although there have been 
isolated case reports of domperidone causing dystonic 
attacks (James & Melrose, 1969; Reyntjens et al, 1978; 
Reasbeck & Hossenbocus, 1979). Death due to cardiac 
arrest has recently been reported with domperidone 
(Robinson, 1973a, b). 

Baeyens etal (1979) compared the effects of 
domperidone and a placebo on gastric motility and 
emptying in patients referred for a barium follow- 
through examination. Domperidone, 8 mg intra- 
venously, significantly promoted antral peristalsis and 
gastric emptying compared with the placebo. The 
results suggested that domperidone improved and 
synchronised motor function in the proximal part of the 
gastrointestinal tract. No adverse reactions were 
reported by Baeyens etal and extrapyramidal side- 
effects were absent. 

E-Z-Paque (E-Z-Em) is a rapid-transit barium 
preparation containing 2% sorbitol by weight. The 
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purpose of the sorbitol is to increase intestinal 
peristalsis by its osmotic effect. 

The aim of the present study was to make a double- 
blind study of the efficiency of domperidone and 
metoclopramide in small-bowel meal studies and to 
compare both drugs with E-Z-Paque in respect of 
gastric emptying, small-intestinal transit time and the 
incidence of flocculation and dilution of the barium. 


PATIENTS AND METHODS 

Those patients attending the X-ray department for a 
small-bowel barium meal examination and who gave 
their informed consent were included in this study. The 
following categories of patients were excluded from the 
study: patients under 18 years of age, patients taking 
anticholinergic drugs, antidepressant drugs, meto- 
clopramide or domperidone, patients with suspected 
intestinal obstruction, patients who had had previous 
surgery to the stomach or small intestine and those 
patients who had taken food or drink within the 
previous 9 h. After these exclusions, 99 patients were 
entered into the study. Their previous medical history, 
current medication and reasons for referral were 
recorded. These 99 patients were randomly allocated 
into three groups; one to receive 8 mg domperidone 
intravenously, the second 10 mg metoclopramide intra- 
venously, both followed by 250 ml of barium sulphate 
suspension (Micropaque, Nicholas Laboratories). The 
third group received 250 ml of rapid-transit barium (E- 
Z-Paque) mixed to the 70% weight per volume 
recommended by the manufacturer. 

Supine antero-posterior abdominal radiographs were 
taken every 30 min following the ingestion of the 
barium until the head of the barium column reached the 
ascending colon. At the end of the examination the 
patients given either domperidone or metoclopramide 
were asked about the presence or absence of the 
following symptoms during the investigation: nausea 
and vomiting; abdominal pain and, if present, the site 
and nature of the pain and whether it was the same or 
different from the presenting pain; the desire to 
defaecate and, if so, whether they experienced 
diarrhoea. The patients were asked specifically about 
extrapyramidal side-effects, namely rigors, hypokinesia, 
tremor, akathisia, oculogyric crises and dystonic 
reactions. The intensity of side-effects was graded as 
absent, present but not severe, and severe. 
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TABLE I 


TIME TAKEN FOR BARIUM COLUMN TO REACH ASCENDING COLON 
AND THE NUMBER OF RADIOGRAPHS TAKEN, WITH PERCENTAGE OF 
PATIENTS IN BACH GROUP 


Dompendone Metoclopram- E-Z-Paque 
and ide and (%) 
micropaque micropaque 

(%) (9) 


Time No of 
(min) radiographs 


30 

60 

90 
120 
150 
180 
210 
240 
260 
300 
420 


6 
24 


4A OO 00 ~] Os tA mW BD s 
p 
p 
LA 


3 
12 
3 
18 
18 
6 
6 
3 
0 


e pui 





The amount of gastric emptying was empirically 
estimated on each of the radiographs as less than 50%, 
between 50 and 90% or over 90%. A record was made 
of the amall-bowel transit time to the ascending colon. 
An overall assessment of the quality of the examination 
was rated as “poor”, “moderate” or "good". Any 
abnormality demonstrated and the diagnosis established 
by the study were noted. 


RESULTS 

Of the 99 patients included in this study, 39 were 
male and 60 female. Thirty-three patients were assigned 
to each group. The mean age of the patients in the 
domperidone group was 43 years with a range of 22-74 
years; 39 years in the metoclopramide group with a 
range of 20—70 years; and 51 years with a range of 
19-81 years in the E-Z-Paque group. 

The commonest reasons for referral were diarrhoea, 
suspected Crohn's disease and abdominal pain. 


No patient complained of nausea or vomiting during 
the course of the examination. Four patients in the 
domperidone group and one in the metoclopramide 
group complained of abdominal pain during tbe 
examination. Of these, three in the domperidone group 
described the pain as identical to their presenting pain. 
The other patient in the domperidone group described 
the pain as mild and intermittent in nature, as did the 
patient in the metoclopramide group. 

Two patients in the domperidone group and one in 
the metoclopramide group experienced a desire to 
defaecate during the examination, while one in the ~ 
domperidone and two in the metoclopramide group 
experienced diarrhoea. One patient in the meto- 
clopramide group experienced mild akathisia. No 
other extrapyramidal side-effects occurred in either 
group. No gastrointestinal symptoms followed the 
ingestion of E-Z-Paque. 

The mean time taken for the barium to reach the 
ascending colon was 150 min in the domperidone group 
with a range of 30—300 min; 96 min in the meto- 
clopramide group with a range of 30-300 min; and 99 
min with a range of 30—420 min in the E-Z-Paque 
group. The mean time taken for the domperidone group 
was significantly different (9 <0.05 using the 
Mann-Whitney U-test), compared with the 
metoclopramide and E-Z-Paque groups. Fewer radio- 
graphs were taken in the metoclopramide and E-Z- 
Paque groups, because the mean transit time was less 
than that for the domperidone group. Table I shows 
the percentage of patients in each group, the number of 
radiographs taken and the transit times. Gastric 
emptying occurred most rapidly in the metoclopramide 
group (Table II). A gastric emptying of over 90% was 
present in all patients in the metoclopramide group at 
90 min and at 210 min in the domperidone group and 
at 180 min with the E-Z-Paque group. The differences 
in the metoclopramide and domperidone groups was 
significant at 90 min (p < 0.05, Mann-Whitney U-test). 


TABLE II 
PERCENTAGE GASTRIC EMPTYING AT TIME INDICATED IN EACH GROUP 
Time Percentage gastric emptying 
(min) 
< 5094 50-904 0094 
DOM MET E-Z-Paque DOM MET E-Z-Paque DOM MET E-Z-Paque 
30 21 16 33 58 47 60 21 38 6 
60 7 0 15 32 25 46 61 15 38 
90 9 0 0 17 0 37 74 100 62 
120 10 0 0 0 0 8 90 100 92 
150 13 0 0 0 93 14 88 100 86 
180 7 0 0 0 0 93 100 100 
210 0 0 0 0 0 100 100 100 
240 0 0 0 0 0 100 100 100 
420 100 
DOM = domperidone, MET = metoclopramide 
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The examination was considered of good quality in 
27 patients given domperidone, 30 patients given 
metoclopramide and 29 patients given E-Z-Paque. A 
moderate quality of examination was assessed in five 
patients given domperidone, three given 
metoclopramide and four given E-Z-Paque barium. One 
study was considered to be of poor quality in the 
domperidone group. 

The examination showed no abnormality m 31 
patients given domperidone, 30 patients given 
metoclopramide and 31 given E-Z-Paque. In one 
patient given domperidone, Crohn's disease was present 
and another was deemed to have a malabsorption state. 
In one patient given metoclopramide, adhesions were 
demonstrated; Crohn's disease and backwash ileitis due 
to ulcerative colitis were demonstrated in another two 
patients. In the E-Z-Paque group, one patient had 
Crohn's disease and one had adhesions. 

There was no significant difference in the incidence of 
flocculation or dilution of barium between the three 
groups. Flocculation of a slight degree occurred in no 
more than three patients in each group for any given 
time interval, and there was dilution of a slight degree 
in no more than four patients at any given time interval. 


DISCUSSION 

Both domperidone, 8 mg intravenously 
(Debontridder, 1980) and metoclopramide (Robinson, 
1973a, b; Roussak etal, 1984) have been shown to 
decrease small-bowel transit tme in barium follow- 
through studies compared with placebo The present 
study, comparing these two agents and the barium 
preparation with added sorbitol, demonstrated a 
significant decrease in the length of time taken for 
barium to reach the ascending colon after 
metoclopramide with a standard barium sulphate 
preparation and in patients given the E-Z-Paque 
preparation, compared with those receiving 8 mg 
intravenous domperidone and a standard barium 
sulphate. To our knowledge, no other study has 
compared the efficacy of metoclopramide, domperidone 
and rapid-transit barium in small-bowel follow-through 
studies 


The fact that small-bowel transit time was 
significantly reduced in patients given metoclopramide 
and a standard barium sulphate or E-Z-Paque results in 
fewer radiographs being taken and, hence, a lower 
radiation exposure to the patient. There was no 
significant difference between the quality or diagnostic 
accuracy of the examinations using the two drugs or 
rapid-transit barium. 


Gastric emptying occurred more rapidly in the 
metoclopramide group. There was no significant 
difference in side-effects between the two groups of 
patients given either drug. In particular, no neurological 
complications were encountered in this study. 

Even though the smali-bowel enema is now con- 
sidered the definitive small-bowel radiological examina- 
tion, many radiologists still perform smali-bowel meal 
examinations (Sol et al, 1980). It is concluded that the 
examination is accelerated by using intravenous 
metoclopramide with a standard barium sulphate 
preparation or by giving E-Z-Paque, rather than 
intravenous domperidone, with the result that fewer 
radiographs are required with no decrease in the quality 
of the investigation. 


REFERENCES 

BAEYENS, R, VAN DE VELDE, E., pg SCHEPER, A , WOLLAERT, F 
& Reyntaens, A., 1979, Effects of intravenous and oral 
domperidone on the motor function of the stomach and 
small mtestine. Postgraduate Medical Journal, 55, 19-23. 

BRETLAND, P M., 1984 State of the art seminar: barrum 
examination of the small bowel. Journal of the Royal Soctety 
of Medicme, 77, 435. 

CASTHELS VON Dang M. Doposz-Cyrxrum, R, VAN DE 
Cassaar, W., VERBREECH, P. & WuNAEHLE, L, 1984 Refusal 
of further cancer chemotherapy due to antiemetic. drugs. 
Lancet, 1, 57. 

DEBONTRIDDER, O., 1980. Extrapyrarmmdal reaction due to 
dompernidone. Lancet, ii, 802 

HowARTH, F. H., CocxzL, R. & Hawkins, C. F., 1967. Effect 
of metoclopramide upon gastric motility and :ts value in 
barrum progress meals. Gui, 8, 635. 

James, W. B. & MELROSE, A. G., 1969 Metoclopramide in 
gastrointestinal radiography. Clmical Radiology, 20, 57-60 
REAsBECK, P. G & Hoassenpocus, A, 1979. Death following 
dystonic reaction to oral metoclopramide British Journal of 

Radwlogy, 33, 31. 


" RzvNTINS, A. J, NEMERGEERS, C J. E, VAN NEUTEN, J. M., 
SCHELLERKENS, 


LADURON, P., HzEYKANTS, J, K ELL, 

R., JAGENBAU, A., BRUEKAERT, A & JANSSEN, 
P. A. J., 1978. Domperidone, a novel and safe gastrokinetic 
antinaugiant for the treatment of dyspepsia and vomiting. 
Arznemtuttel-Forschung, 28, 1194. 

Ropinson, O. P. W., 1973a. Metoclopramide—a new 
pharmacological approach. Postgradwate Medical Journal, 
49, (Suppl. 4), 9. 

—— 973b. Metoclopramide—side effects and safety. 
Postgraduate Medical Journal, 49 (Suppl 4), T7. 

Roumsax, J B., Carny, P. & Parry, H, 1984. Cardiac arrest 
after treatment with intravenous dompendone. British 
Medical Journal, 289, 1579 

SoL, P., PELET, B. & GUIGNARD, J. P., 1980. Extrapyramidal 
reaction due to domperidope. Lancet, u, 802. 


973 


VoL. 59, No. 706 


Book reviews 


Radiologic Diagnosis of Renal Transplant Complications. By 
W R. Castafieda-Zufliga, pp 306, 1986 (University of 
Minnesota Press, Minneapolis), $49.50. 
ISBN 0-8166~1232-3 
This is a useful book by 16 contributors, 12 of them from 
Minnesota. These ties among the authors must have helped 
toward achieving an integrated approach. The scope of the 
volume is quite wide: 11 chapters beginning with chest 
radiographs and ending with interventional techniques. There 
are, inevitably, local characteristics to colour the picture; thus, 
we learn in the nuclear medicine chapter that splenectomy has 
been a routine m renal transplants at the University of 
Minnesota for many years. Interesting and unexpected corners 
of the field are covered, for instance, echocardiographic studies 
to show that abnormalities of left-ventricular mass begin to 
regress immediately after an operation. The authors say 
practical and honest things like "routine angiography has 
proved to be of little value when rejection is suspected" and 
“important limitations to the ultrasonographic evaluation of 
acute and chronic rejection should be noted". 

I found this & well illustrated and helpful book which should 
interest radiologists involved with renal transplantation. 

THOMAS SHERWOOD 


Essentials of Nuclear Medicine Imaging, 2nd edit. By Fred A. 
Mettler Jr and Milton J Guiberteau, pp xvii + 380 + index, 
1985 (Grune & Stratton, New York), $47.50. 
ISBN 0—8089—1767—6 
This 1s the second edition of an introductory text which should 
be of value to trainee nuclear medicine physicians, radiologists 
and nuclear medicine radiographers. Several chapters have 
been updated to bring the contents abreast of recent 
developments. While it is inevitable that many topics are dealt 
with only briefly, the authors have successfully outlined the 
broad spectrum of nuclear medicine with no serious omissions. 
The style of writing is clear and coherent and the text and 
illustrations are well presented. There are, however, several 
surprising misprints, the first of these being in the first line of 
the preface! 

The first 60 pages of this 380-page book are devoted to the 
basic principles and hardware of nuclear medicine This is a 


Correction 


concise and eminently readable section but most trainees 
would find the short list of references at the end of each 
chapter to be essential supplementary reading. The clinical 
sections place the emphasis on the practical application of 
nuclear medicine techniques and there are useful warnings on 
the common pitfalls to be avoided in interpretation. The final 
chapter discusses legal requirements and radiation safety, 
much of which is not directly applicable outside the United 
States. Despite the introductory nature of this volume, a more 
comprehensive account of radiation hazards and safety would 
have been valuable. There are the usual appendices detaihng 
the commonly used radionuclides and techniques, together 
with a useful summary of the radiation dose to the fetus from 
imaging during pregnancy. 

In conduson, this book has been well received by both 
doctors and radiographers training in this department, and 
would be a useful addition to the library of any department of 
nuclear medicine with a teaching commitment. 

V. B. BATTY 


Joints and Vertebral Connections By W. Diblmann, pp. 580, 
1985 (Thieme Inc , New York), DM.168. 
ISBN 0—86577-161-8 (New York) 
3-13—660401—6 (Federal Republic of Germany) 

What a pityl Wolfgang Dihlmann has written a truly 
magnificent textbook of bone and joint radiology, for which he 
should be congratulated The whole concept of regional 
disease illustrated by numerous high quality line drawings 1s 
most appealing. The succinct, clear diagrams emphasise the 
main features of disease which are, perhaps, more easily 
comprehensible from this medium than from the usual 
alternative of less than perfect reproductions of radiographs. 
Unfortunately the book is unreadable by mo&t of us because of 
its translation. The difficulty is not just a matter of German- 
Engtish vocabulary. It us, I fear, compounded by a different 
concept of disease nomenclature ahd classification between our 
cultures. Nonetheless, ] am sure that this is a very excellent 
book which cannot be appreciated to its full in this edition, but 
will be a gem when revised. I believe it could have been a book 
very much needed in our libraries As I said to begin with, 
what a pityl 

TAIN WATT 


Fundamentals of Nuclear Medicine Handbook of Nuclear 
Medicine, Vol. 1/1. Ed. by H Kriegel, pp. 515, 1985 (Gustav 
Fischer Verlag, Stuttgart), DM324 ISBN 3-437-10828—-X 

Please note that the price of the above book, reviewed in the 

January 1986'i3ue- of the Journal (p 91), was incorrectly 

quoted as DM19 80 Please would readers correct their copies 


974 


1986, The Brituh Journa! of Radiology, 59, 915-983 


OCTOBER 1986 


Multiple-section radionuclide tomography of the kidney: 


a clinical evaluation 


By E. D. Williams, Ph.D., F.Inst.P., 
and *R. R. Roy, F.R.C.S. 


*C. Parker, F.R.C.S., D. Rankin, M.B., B.S. 


Regional Medical Physics Department, Sunderland District General Hospital and "Urology Department, 


Royal Infirmary, Sunderland 


(Recetved November 1985 and in revised form February 1986) 


ABSTRACT 

The clinical utility of radionuclide emission tomography of the 
kidney m compenson with conventional gamma-camera 
Imaging has been assessed from scans of 60 patients suspected 
of having space-occupying lesions of the kidney. Nineteen 
patients had renal tumour, 17 had cysts and seven had renal 
pscudotumours, the remainder had no legion. Objective trials 
using four observers showed only a slight, statistically 
insignificant advantage from the addition of tomographic 
sections to conventional mages. However, in several individual 
cases tomography had aided diagnosis, perticularly in obese 
patients, when an alternative non-invasive investigation 
(ultrasonography) was iconclunve. In seven patents a 
positive diagnosis of renal peeudotumour was made possible 
by tomography, definite identification of ectopic functioning 
corta] tissue at the location of a mass suspected after 
urography was consdered to be a distinct otic 
advantage gained from emission tomography of the kidney. 


Rotating gamma-camera systems for multiple-section 
radionuclide emission computed tomography have 
recently become generally available. Such systems offer 
the possibility of improved lesion detection compared 
with conventional radionuclide maging and this has 
been demonstrated in studies of brain (Ell et al, 1980) 
and liver (Khan et al, 1981). Improved detection of 
defects in uptake has been Obtained in investigations of 
the myocardium (Tamaki etal, 1984), and it is, 
therefore, possible that the same advantages in 
depicting functional morphology (Laird et al, 1984) 
apply to the kidney. The time required for satisfactory 
imaging by emission tomography appears to preclude 
dynamic studies of renal function with a rotating 
gamma camera and currently accepted amounts of 
administered radioactivity. The use of tomography for 
detection and localisation of lesions is, therefore, a more 
suitable area of investigation (Botsch etal, 1982; 
Wiliams et al, 1982, 1984). For the kidney, clinicians 
can now often choose radionuclide imaging, ultrasono- 
graphy or computed tomography from non-invasive 
investügations to evaluate space-occupying lesions 

clinically or detected on excretion urography 
(O’Reilly et al, 1981). However, computed tomography 
is not readily available 1n all district general hospitals, 


Correspondence address: Dr E. D Williams, Regional Medical 
Physics Department, Sunderland District General Hospital, 
Kayll Road, Sunderland SR4 7TP. 


so improvements to radionuclide imaging techniques 
may yet have a part to play in diagnosis. 

This study was carried out in order to determine as 
objectively as possible whether the additional informa- 
tion obtained from multiple sections could aid detection 
and localisation of space-occupying lesions of the 
kidney. The radiopharmaceutical we used was 9°Tc™- 
DMSA, which is taken up by the renal cortex (Bingham 
& Maiscy, 1978) and is advised for use in investigating 
possible renal masses (Maisey, 1980). 


PATIENTS 

Sixty patients were studied in whom space-occupying 
lesions had been suspected, in most cases on the basis of 
findings. from intravenous urography, and in whom 
further non-invasive investigations were required. The 
only additional selection was the exclusion of patients 
with impaired overall renal function resulting in poor 
uptake of radioactivity in the kidneys. Sixty-three sets 
of radionuclide scans were consequently obtained (three 
of the patients each having two scans) and these form 
the main body of data for this study. All patients had 
two functioning kidneys and normal overall renal 
function. Nineteen patients had a renal tumour 
involving a kidney, one of these also having a renal 
cyst, and one patient had a second scan. Seventeen 
patients had renal cysts, five of these having two cysts, 
and one had a second scan. Seven patients had renal 
pseudotumours (i.e. a hypertrophied column of Bertin, 
or cortical nodule) and in one the scan was repeated. In 
17 patients no renal lesion was found. The repeated 
scans were obtained several months after initial scans, 
and their inclusion is considered justified because 
differences in -positioning resulted in sets of images 
which were not identical in appearance. Án additional 
11 sets of scans obtained similarly from other patients 
not included in the study group were used for training 
observers, as described below. 


METHODS 
All the.patients in the study series had excretion 
urography, usually before radionuclide imaging. All 
also had an ultrasound examination performed with 
knowledge of other findings available at that time, 
usually those of urography and planar radionuclide 
imaging. Ultrasound scanning was carried out umng 
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both a linear-array real-time scanner (Toshiba SAL-20) 
and & B-mode scanner (Diasonograph 4200). Where 
appropriate, findings were confirmed at operation 
(usually the case for renal tumours) or, in a few cases, 
by angiography or biopsy. In other cases, where no 
lesion was confirmed when the other non-invasive 
techniques were apphed, clinical follow-up for at least 1 
year without further relevant symptoms was obtained 
and this was considered sufficient to reduce substanti- 
ally the possibility of a missed renal tumour. Renal 
cysts were identified by a non-invasive procedure 
(ultrasound); invasive investigations were not con- 
sidered to be justified in such cases. The patients judged 
to have a pseudotumour were so classified by careful 
comparison of the urogram, ultrasound scan and 
radionuclide tomogram, and by clinical follow-up. In a 
few cases ultrasound scanning was repeated, and one of 
these patients had selective renal angiography. 


Imaging 

Each patient was given an intravenous injection of 
100 MBq °°Tc™-DMSA. The DMSA was used freshly 
prepared to ensure high renal specificity (O'Reilly et al, 
1979). Conventional gamma-camera imaging was 
carried out 3h after injection, using a large-field 
gamma camera (IGE 400T Maxicamera in earlier 
studies and IGE 400AT in later studies). A low-energy, 
general-purpose collimator was used and kidney images 
each of 500000 total counts obtained in posterior and 
left and right posterior oblique views. Images were 
recorded directly from the gamma-camera display using 
Kodak NMB transparency film. 

Tomographic imaging was then carried out using the 
same gamma camera and collimator, with data 
acquisition for 20 s at each of 64 positions over 360? 
around the patient. The radius of rotation was normally 
20 cm, but in a few cases had to be increased to 
accommodate obese patients, although it was never 
more than 25 cm. Under these conditions the spatial 
resolution was about 19 mm full width at half maximum. 
Tomographic data were acquired in a 64x 64 matrix 
using a Gamma-11 computer system (Digital Equip- 
ment Co.) the pixels having 6.1 mm sides, and 
transverse slices 2 pixels thick were reconstructed using 
the SPETS system (Larsson, 1980). Sagittal and 
coronal sections were also reconstructed orthogonal to 
the transverse sections, the thickness of each of these 
sections also being 2 pixels. Images were interpolated 
into a 128x128 matrix, displayed with 10% beck- 
ground subtraction on a monochrome video monitor 
(Tektronix Type 634) and photographed umng Kodak 
GRS film. 


Reporting 

Conventional and tomographic images were 
compered by observer trials following the general 
methods described by Swets and Pickett (1982). For the 
purposes of this study, images were reported blind, that 
is, without additional information being supplied from 
other investigations or clinical history. Four observers 


were used, working separately. Each was asked to 
report the series of conventional kidney images and 
then, on a separate occasion at least 1 week later, to 
report the tomographic sections in conjunction with the 
corresponding conventional images. The viewers were 
on each occasion first given “a training set" of 11 scans, 
on which the test administrator pointed out relevant 
features, including the orientation. of tomographic 
sections. Transverse, sagittal and coronal sections were 
all presented together because earlier work (Williams, 
1983; Williams et al, 1983) has suggested that sagittal 
and coronal sections were often considered subjectively 
to be more useful than transverse sections; the most 
useful planes did, however, vary from case to case. All 
Observers were accustomed to reporting radionuclide 
images, but only two were familiar with renal 
tomograms. Tests were carried out under normal 
reporting conditions, usually in the observer's own 
room, using a light box for illumination of the films. 
Observers were allowed as much time as tbey felt 
necessary to come to a decision about each scan, and on 
average this was about | min in the case of 
conventional scans and about 2 min when tomographic 
scans also were provided. Sets of images were presented 
in random order and the order of presentation was 
changed between the two sessions. One observer later 
repeated reporting of the conventional image set and 
another repeated the set of tomogram images to assess 
reproducibility. 

The observers were asked to report each set of scans 
on the following scale (Swets & Pickett, 1982): 1 
(normal) 2 (probably normal) 3 (equivocal, possibly 
abnormal) 4 (probably abnormal) and 5 (definitely 
abnormal) In those cases given ratings 2-5, the 
Observer was asked also to give the location of the 
lesion: in the right or left kidney and in the upper, 
middle or lower part of that kidney. Observers were 
warned in advance that in some cases there was more 
than one lesion in a pair of kidneys and that the series 
included some cases of pseudotumour, which give 
ectopic uptake of radioactivity, quite different from 
cysts and solid tumours, which give defects in the 
normal uptake pattern. 


DATA ANALYSIS 

From all the clinical and diagnostic information 
available, each set of scans was assigned to a diagnostic 
group which was either normal, i.e. with no evidence of 
a space-occupying lesion in either kidney, or had 
evidence of tumour, cyst or pseudotumour. The 
location of each lesion was specified as upper, middle or 
lower third of the kidney and the mean of the available 
data was used to provide an estimate of its size. The 
observers’ reports were compared with this objective 
diagnostic information to construct receiver operating 
characteristic (ROC) curves (Metz, 1978). Curves were 
constructed for each observer for both reporting 
situations, Le. with conventional scans only and with 
tomographic sections also available. First, "detection 
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task" curves were constructed, in which all information 
concerning number and location of lesions was ignored, 
and only the presence of at least one reported lesion on 
a set of scans was considered to give a “positive” scan 
report. Second, localisation ROC (LROC) curves were 
constructed (Starr et al, 1975), for which a response was 
considered correct “true positive" only if both the 
kidney in which a lesion was located was identified and 
tbe appropriate part of the kidney specified. Some 
latitude was allowed in the localisation, in that either 
the correct part or the adjacent part of the kidney was 
permitted as a correct response. Thus, a lesion in the 
upper third of the left kidney was considered to be 
correctly identified if the observer reported a lesion in 
either the upper or middle third of the left kidney. 

In order to compare the ROC curves derived from 
the observer trials for “conventional” and “with 
tomogram" images, so as to determine whether 
tomograms provided any advantage, parameters were 
derived from each set of ROC data. These 
were the area under the curve and its standard error, 
and they were obtained from a maximum-likelihood fit 
of the data using the computer program of Dorfman 


€ with tomograms 





Observer 3 


Fic. 1 
Receiver operating characteristic (ROC) 
curves for the four observers for detection 
of renal lesions on planar images and 
with tomograms. The curve for the 
pooled responses of all observers is also 


shown. 


and Alf (1969) as given by Swets and Pickett (1982). In a 
few cases this approach failed to fit the data and 
another computer program based on the use of 
trapezium rule integration (Hanley & McNeil, 1982) 
was employed. The ROC curves for each observer for 
the two ing techniques were then compared 
following the methods of Hanley and McNeil (1983). 
Comparison was also made using average ROC 
parameters for all observers. Averaging was carried out 
in two ways: by averaging the derived ROC indices 
(area, SE) for each observer and by pooling all test 
responses before constructing the ROC curve. Account 
was taken of the effect on comparison of ROC indices 
of using the same observers for all reporting (Swets & 
Pickett, 1982; Hanley & McNeil, 1983). 


o planar scans 


RESULTS 
Lesion detection 
The ROC curves for the four observers are shown in 
Fig. 1 for the detection task. For three out of the four 
observers the ROC curves show apparently improved 
accuracy for scans with tomographic sections, 
compared with those without, and for the fourth 


TABLE I 
DETECTION OF LESION ON SCANS, COMPARISON OF ROC CURVE PARAMETERS 
Planar scans Planar plus tomograms At-Ap SE of Critical 
ee = difference ratio* 
Area under ROC (Ap) SE Area under ROC (At) SE 
Individual results 
Observer 1 0.940 0.005 0.914 0.044 —0.026 0.046 — 0,57 
Observer 2 0.889 0.055 0.949 0.033 0060 0.049 1.22 
Observer 3 0.897 0.044 0.945 0.025 0.054 0.040 1.34 
Observer 4 0.925 0.035 0.962 0.025 0.037 0.040 0.92 
Averages 
Averaged indices 0.913 0.042 0,942 0.032 0.030 0.034 0.88 
Pooled responses — 0.911 0.022 0,943 0.016 0.032 0.023 1.40 


* Critical ratio denotes significance (as for t-statustc) and = difference in areas under ROC/SE of difference. 
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observer there is no difference in results. However, 
when the areas under the ROC curves were submitted 
to tests for significance (Table I), there was no 
significant difference between test results obtained with 
and without tomograms, nor when averaged ROC 
indices or pooled response results for all the observers 
were compared. 


Lesion localisation 

The LROC curves for the four observers are shown 
in Fig. 2. These curves are generally similar to those for 
detection ROC, but with lower true positive fractions. 
There is no sound basis for testing the significance of 
any difference between these curves, but theoretical 
considerations link them closely to detection ROC 
(Swets & Pickett, 1982). It is suggested that LROC 
curve data may best be compared by quoting the true 
positive fraction for a 10% false positive rate. These 
values, obtained by linear interpolation, are given in 
Table Il and suggest a small improvement when 
tomograms were used, although this fails to reach 
conventional levels of significance (by t-tests). 


Lesion sixe and type 
The relationship between the size, nature and 
location of the lesions and the proportion detected was 


TABLE II 


LOCALISATION ROC: COMPARISON OF TRUE POSITIVE RATES AT 
10% FALSE POSITIVE RATE (DETERMINED FROM ROC CURVES) 


% True positive 
Planar Planar plus tomograms 
Observer | 70 72 
Observer 2 66 TI 
Observer 3 67 68 
Observer 4 74 82 
Mean 69 75 


€ with tomodrams 





Observer 3 


o planar scans 


Fig 2. 
Localisation ROC curves for the four 
observers and ther pooled responses, for 
detection and correct localisation of renal 
lesions. 


examined, For this purpose only reports with scores 
graded as 4 or 5 were considered (probably or definitely 
abnormal: in practice, the categories which would be 
reported to a clinician as being abnormal). For lesions 
detected using this criterion, on planar views 60% of 
lesions were detected, averaged over the four observers, 
whereas when tomography was added 74% were 
detected (p < 0.01, t-test) (Table TIT). These percentages 
correspond to the sensitivities of the techniques. There 
was a similar increase in detection rate for cysts and for 
tumours, indicating that there was no qualitative 
difference in any improvement in detectability gained 
with tomography for these two types of lesion. Lesion 
size, however, did appear to affect detectability. Figure 
3 shows the percentage of "true positives" detected and 
located plotted against lesion size grouping. The 
probability of detection thus appears to increase with 
lesion size and was 100% for tomographic scans of 
lesions greater than 60 mm across. 


100 
PERCENT — 80 
TRUE with 
POSITIVE 60 tomogram 
LOCATION planar 
OF LESION 


40 





24 4-6 


0-2 


over 6 
LESION SIZE (cm) 
Fra. 3 


Percentage true positive (rating 4 or 5) scans for detection and 
locahsation was higher for the larger lesions, and alightly 
higher when tomograms were added. 
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Fic. 4. Case I. 
(4) Normal planar views, (B) transverse, (C) sagittal, and (D) coronal tomographic sections. Note that following 
convention, planar scans are shown as posterior views, but coronal sections as anterior views. Sagittal sections are viewed from 
the right lateral position, with the patient's anterior on the right. Transverse sections are as viewed from the patient's feet, 


with anterior at the top of the picture. P, posterior, left and right as shown; RPO, right posterior oblique; LOP, left posterior 
oblique, and in subsequent Figs. 








TABLE Ill 
NUMBER OF LESIONS “DETECTED” (SCORE 4 OR 5) ACCORDING TO TYPE (CYST OR SOLID TUMOUR) 

Cyst (n = 24) Tumour (n = 20) All lesions (n = 44) 

Planar Tomo Planar Tomo Planar Tomo 
Observer 1 B 14 13 16 24 30 
Observer 2 12 15 13 l6 25 31 
Observer 3 13 17 14 I8 27 35 
Observer 4 15 16 14 19 29 35 
Mean 12.8 16.5 13.5 17.2 26.2 32.8 
% of total 53 69 68 86 60 74 





Tomo = planar +tomograms. 
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FIG. 5. Case 2. 


(a) Planar views show only a slight abnormality in right kidney. (B) Sagittal section 


CASE EXAMPLES 
As examples of the usefulness of tomographic imaging and 
the relationship of the results to those obtained by other 
investigations, the following cases are cited. 


Case 1: normal 

A 53-year-old man was thought, on the basis of his 
urographic examination, to have a renal lesion. Conventional, 
transverse, sagittal and coronal sections showed uptake in 
renal cortex only and no distortion or defects (Fig. 4). No 
lesion was subsequently demonstrated by any other imaging 
technique, and there was no evidence of any renal abnormality 
on subsequent clinical follow-up. 


Case 2: renal tumour 

A 57-year-old man had no renal symptoms but a chest 
radiograph showed two rounded opacities in the peripheral left 
lung. A subsequent excretion urogram showed fullness of all 


qe + 





shows a clear lower-pole defect. 


the calyceal groups in the right kidney, which were pressed 
upwards, presumably by a lower-pole mass. The scan (Fig. 5) 
showed some reduced uptake in or distortion of the right 
kidney, but no clear defect. However, sagittal tomographic 
sections clearly indicated a right lower-pole defect, which was 
also visible, but less clearly, on coronal sections. Ultrasound 
indicated that this was due to a solid mass and at subsequent 
nephrectomy a clear-cell renal adenocarcinoma was removed. 


Case 3: renal tumour 

A woman aged 57 years presented with urinary infection and 
right loin pain for 6 months. An excretion urogram showed the 
medial border of the lower pole of the right kidney to be slightly 
enlarged and the lower-pole collecting system to be distorted. 
A planar ""Tc"-DMSA kidney scan showed only an indistinct 
area of reduced uptake in the lower pole of the right kidney, but 
coronal and sagittal tomograms (Fig. 6) revealed a clear defect. 
The ultrasound scan was of poor quality owing to the patient's 
obesity and no lesion could be identified. Subsequently, a solid 
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Fic. 6. Case 3. 


(a) Slightly reduced uptake in lower pole 
of rght kidney, which coronal tomo- 
graphic sections (B) show to be a definite 
B defect. 
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FiG. 7. Case 4. 


(A) Possible right upper-pole lesion on conventional scan. (B) Transverse and (c) coronal 
C sections show a defect in medial aspect of upper pole. 


tumour was demonstrated by angiography and confirmed at 
surgery. (This case is also described by Jarritt and Ell (1984) 
and wrongly attributed to another institution.) 


Case 4: angiomyolipoma 

A woman aged 75 years with an unstable bladder and 
urinary tract infection was investigated by excretion uro- 
graphy, which indicated a mass, possibly a cyst, in the upper 
pole of the right kidney. A **?Tc"-DMSA scan (Fig. 7) also 
suggested a possible right upper-pole lesion, but there was no 
definite parenchymal defect visible. Transverse and coronal 
tomograms showed that the upper pole of the right kidney was 
expanded, and absence of any uptake on its medial side 
suggested the presence of a mass projecting medially from the 
kidney. Ultrasound scanning was technically inadequate on 
account of the patient's obesity and, while consistent with a 
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solid mass projecting medially from the upper pole of the right 
kidney, neither the extent of the mass nor its existence could be 
firmly determined. A CT scan showed a mass medial to the 
upper two-thirds of the right kidney, which contained fatty 
tissue, and was presumed to be an angiomyolipoma. Surgery 
was not carried out and repeated investigations | year later 
showed no change. 


Case 5: pseudotumours 

A 62-year-old man presenting with abdominal pain 
underwent several investigations including urography, which 
showed compression of the calyces of the right kidney, 
indicating a possible renal mass. An ultrasound scan showed 
solid tissue in the middle of the right kidney, with echogenicity 
similar to normal renal parenchyma. In the left kidney there 
was a similar but smaller area. A ?"Tc"-DMSA scan was 





Fic. 8. Case 5. 


(4) Normal conventional scan. (B) Sagittal tomograms showing 
uptake in pseudotumours in both kidnevs. 
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normal on conventional views (Fig. 8), but sagittal sections 
showed a large area of uptake in tbe middle of the right 
kidney, extending from the dorsum, and a much smaller 
similar area in the left kidney Appearances were considered to 
show renal peeudotumours and clinical follow-up and.repeated 
investigations showed no change and no evidence of any other 
renal abnormality. 


DISCUSSION 

The addition of tomographic sections did not appear 
to provide a general improvement in the detectability of 
renal space-occupying lesions in this series of patients, 
compared with the information present in conventional 
planar views alone, when assessed by an objective 
observer ‘trial. From the variance of data obtained in 
the observer trials, it is possible to say that if there was 
a 10% advantage in "accuracy" (as measured by the 
area under the ROC curve) resulting from the use of 
tomograms, then this would have been detected and 

appeared statistically significant. 

— A However, in clinical use we have found advantages in 
specific cases, as illustrated in this paper, which were a 
relatively small proportion of the total in our unselected 
series. Therefore, we consider that with appropriate 
selection of patients, tomography can provide useful 
diagnostic information. In selecting appropriate cases it 
is necessary to base a judgment on the results of other 
investigations, and it is difficult to apply such a process 
and still carry out an objective ROC analysis. There are 
two reasons why this was not attempted. One is that the 
ROC analysis is inappropriate for the very small 
number of data sets we would have if the only patients 
selected were those very likely to have the diagnosis 
affected by the results of tomography. Involved in such 
a selection is the second reason, which concerns the 
influence, varying from one case to another, of the 
results of other tests or clinical history. If all such 
information is given to each observer in a trial, it is 
difficult to determine to what extent one procedure, 
such as tomography, influences the final diagnosis. A 
possible alternative approach which takes account of 
these other factors is Bayes’ procedure which, however, 
would be inappropriate for producing an objective 
conclusion in the circumstances presented here, since 
the prior probability of disease depends on the 
constitution of the patient population considered (Shea, 
1978). We have, therefore, used ROC analysis, taking 
conventional and tomographic images in isolation, to 
compare how the information provided by them alone 
can contribute to the diagnostic process. 

A major defect in the information obtained by the 
radionuclide imaging procedures described is that renal 
lesions may be detected but not characterised. The 
addition of a series of perfusion images (O’Reilly et al, 
1981) can aid characterisation, particularly for the 
larger lesions, since a vascular mass generally indicates 
a solid tumour. However, this sign is often not found 
even when a tumour is present, and in any case such 
data were not available for many of the cases reported 
here. Ultrasonography was clearly a better procedure 


than radionuclide imaging for detecting renal cysts and 
is well established as a means of characterising them 
(Sherwood, 1975): m this series, radionuclide tomo- 
graphy had 86% sensitivity for tumours, but only 65% 
for those cysts detected by ultrasound. In practice, 
higher figures than these for correct localisation and 
identification of renal masses can be achieved, because 
information from other investigations 1s usually avail- 
able at the time of reporting. 

One area of diagnosis where we have found 
tomographic images to be particularly useful has been 
in the positive identification of renal pseudotumours 
(Wiliams & Parker, 1982). These can mimic renal 
tumours or cysts on urography (Feldman et al, 1978; 
Thornbury et al, 1980) and, while conventional 
radionuclide maging is recommended in such circum- 
stances (Grossman et al, 1983), the finding of a normal 
radionuclide conventional scan clearly does not rule out 
a lesion, and arteriography may be considered necessary 
(Lams ct al, 1979). Our observers, reporting blind, did 
badly 1n picking out the pseudotumours from the rest of 
the scans, none being detected and reported as such on 
the conventional images, while on tomographic sections 
one observer found one pseudotumour (out of eight 
such sets of scans) and another observer found three. 
However, as noted above, in clinical practice, scans 
would usually be interpreted with the aid of informa- 
tion from urography and ultrasonography (Mahoney et 
al, 1983) and under such circumstances we have been 
able to match findings from the various techniques to 
identify this benign normal variant in each of the seven 
cases included in this series. 

We have also found tomographic imaging useful in 
investigating obese patents, in whom ultrasound 
images are often of poor quality. While in such cases 
the substantial difference in ultrasonic image character- 
istics between a cyst and normal renal tissue makes 
detection and characterisation still relatively easy, the 
same is not true for solid tumours, which, in these 
circumstances, can be very difficult to identify by 
ultrasonography. Thus, tomography may then be 
particularly useful, e.g. in Cases 3 and 4, where a renal 
tumour in an obese patient was revealed by tomo- 
graphy. In these cases conventional scans were normal, 
or nearly so, because the lesion was so located that the 
defect in uptake was hidden. Radionuclide imaging was 
then an important non-invasive means of establishing 
the presence of a lesion before progressing to more 
invasive or less readily available investigations 

Selection of patients for emission tomography of the 
kidney can be made after the other non-invasive 
investigations have been carried out Therefore, we now 
follow the advice of O'Reily et al (1981) and after 
urography proceed to ultrasonography and radio- 
nuclide imaging, with a perfusion study. At that point 
the information from all these investigations is collated 
and compared to determine whether a clear diagnosis is 
possible. If it is not, then emission tomography can be 
carried out, its primary role being either to identify a 


982 


OCTOBER 1986 


Radionuclide tomography of the kidney 


possible lesion as a pseudotumour or to confirm or 
disprove the presence of a lesion. Thus, we can 
determine whether it is necessary to proceed to 
computed tomography or angiography. 
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Manual of Darkroom Technique. WHO Basic Radiological 
System. By P.E.S. Palmer, pp. 16, 1985 (World Health 
Organization, Geneva), Sw. fr. 8. 

ISBN 92-4-154178—4 

A great deal of work and thought have been put into designing 
equipment for the BRS system, but another very important 
factor m the achievement of successful radiographs has, until 
now, been neglected in the literature from the World Health 
Organization. The Manual of Darkroom Technique forms part 
of a programme to promote simple, safe and economic 
diagnostic radiology appropriate for use in rural or isolated 
hospitals or clinics. 

It consists of a comprehensive sot of instructions and 
explanations written with the aim of producing well processed 
radiographs in places where there is little or no expert 
supervision. The author rightly states that, in terms of patient 
care, a poor-quality radiograph is more harmful than if the 
patient has no radiographic examination at all. 

The text is written in clear, simple language which people 
with httle or no prior knowledge of darkroom technique will 
find easy to understand. The simplicity of wording has the 
added advantage that it can be translated easily for use in 
countries where the BRS system will be i 

The manual consists partly of a simple text, which should be 
read before the second part of the manual which consists of 
illustrated instructions Together, the two parts give a step-by- 
step explanation of the method of processing films, the making 
up and maintenance of processing chemicals, and a few “dos 
and don'ts” of darkroom practice. The book is very short, just 
16 foolscap-size pages, and inevitably the coverage of many 
aspects is brief. Nearly two pages are devoted to record 
keeping and filing which, although very mnportant, are not 
really relevant to a manual on darkroom technique. 

A very simple layout for a darkroom is shown, indicating 
that there should be a drywork bench and a separate area for 
developer and fixer. A rather ambitious item included in this 


plan is a light “maze”. In the simple X-ray department, which 
is hkely for this type of work, a light-proof door (actually 
mentioned m the text) would appear more sensible. No hint 1s 
given in the plan as to where light sockets, safe lights, water or 
drains would be most suitably mted. Mention is made of 
disposing of old developer and fixer down the "special drain" 
in the darkroom. This requirement is not mentioned before, 
nor does it appear on the plan. The necessity for using clean 
water for rinsing and for washing the films is described. This 
very valuable point, essential even when water is not freely 
available, w often given scant attention, with the result that 
instances have been known where the water was changed at the 
same intervals as the chemicals. Mention is made that the 
chemicals in the tanks should be replenished “‘as 
but it would be more helpful to state that the levels must 
always be high enough to cover the film being processed to 
avoid essential information on the radiograph being excluded. 
In the instructions on cleaning in screens, it should 
have been stressed that the cleaning cloths should be only 
slightly damp to avoid excessive wetting of the screens. 
These are minor criticisms of & manual which achieves its 
aim of being an easily understood banc manual of darkroom 
processing. Inevitably, those experienced m teaching darkroom 
techniques will find they would have stressed certain aspects, 
or treated them differently, but this does not detract from the 
value of this publication. Excellent books on processing have 
been produced by major manufacturers of X-ray film for 
many years. However, these are usually written for workers in 
established hospitals or clinics where the techniques of 
radiographic processing are known already. The need has 
existed for a really simple manual, easily understood by those 
for whom practical help is not readily available. Professor 
Palmer has made a timely contribution to assist those working 
in isolated or rural clinics and forming part of the World 
Health Organization's Basic Radiological System 
GLENDA J. BRYAN 
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Department of Ultrasound and *Department of Surgical Gastroenterology, University Hospital, Herlev, 
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ABSTRACT 
A prospective ultrasonic study of the right lower abdominal 
quadrant wes performed in 46 patents prior to 
appendicectomy. Ultrasonography revealed an inflamed 


appendix m 24 out of 29 patents with appendicitis and 
excluded its presence m 16 out of 17 patients without 


appendicitis. The ultrasonic pattern of the inflamed appendices 
appeared as echo-poor/echo-free lemons with lack of move- 
ment In sm of seven patients with perforated appendices, 
ultrasonography revealed free mtra-abdominal fluid in 
addition to bowel disease. The possible value of abdommal 
ultrasound in patients with suspected acute appendicitis is 
discussed. 


Characteristic sonographic patterns of both normal and 
abnormal segments of bowel have been described, 
allowing the recognition of an increasing number of 
pathological lesions (Fleischer et al, 1980). The findings 
and value of ultrasonic examination of the inflamed 
appendix have been described in only a few selective 
cases (Deutsch & Leopold, 1981; Preusser, 1981; 
Parulekar, 1983; Claes et al, 1984). We report a larger 
series of patients ultrasonically examined prior to 
appendicectomy. 


Forty-six patients (24 men and 22 women) were 
examined immediately before surgery for acute 
appendicitis; the median age was 32 (range 16—80) 
years For practical reasons, since most 
appendicectomies were performed in the evening or at 
night, the random choice of patients for the study was 
based on days where all patients could be examined pre- 
operatively in a 24 h period, from 8 a.m. to 8 a.m. 

The ultrasonic examination was deliberately res- 
tricted to the right lower abdominal quadrant in order 
to avoid abnormalities of other abdominal regions 
influencing the diagnosis of appendicitis. Only two 
ultrasonic conclusions were possible: inflamed appendix 
seen or inflamed appendix not seen. The result of 
ultrasonography was not made known to the surgeon. 
The ultrasound diagnosis was compered with the 
operative findings and with the pathology report. 

The examinations were carried out using a 5 MHz 
curved array scanner (Picker LSC 7000) and the study 
was in accordance with the principles of the Helsinki 
declaration. 


Author for correspondence: Steen Karstrup, M.D., 
Department of Ultrasound, Herlev Hosprtal, University of 
`” Copenhagen, DK-2730 Herlev, Denmark. 


RESULTS 
Accuracy 


Based on histological examination of the removed 
appendices, 29 of the 46 patients (63%) had acute 
appendicitis. Ultrasonic examination revealed an 
inflamed appendix in 24 of the 29 (83%; 95% 
confidence limits, 64-94%) and excluded the presence 
of an inflamed appendix in 16 of the 17 patents without 
acute appendicitis (94%; 95% confidence hmits, 
71-100*4) (Table I). 

Of the five patients with inflamed appendices not seen 
by ultrasonography, two examinations were incon- 
clusive because gas-filled bowel loops prevented sono- 
graphic evaluation. In the remaining three patients, two 
had suppurative appendicitis and one had inflammation 
limited to the superficial mucosal layers. The single false 
positive finding was caused by leakage into the right 
lower abdominal quadrant from a ruptured aortic 
aneurysm. Seven patients had perforated appendices. In 
six of these, ultrasonography disclosed free intra- 
abdominal fluid in addition to diseased bowel. 

The normal appendix could not be visualised. 
Sonographic features 

The sonographic pattern of the inflamed appendix 
appeared as an echo-poor/echo-free lesion with a 
rounded, ovoid or curved configuration, probably 
depending on the site of the appendix (Fig. 1). In only 
two cases was it possible to visualise the long axis of the 
inflamed appendix in one plane (Fig. 1). Although 
peristaltic movements were seen in the surrounding 
bowel loops, the lesion itself was immobile without 
demonstrable movements or change in configuration. 

Gas-filled bowel loops producing a pattern of diffuse 
echoes were seen in almost every patient. Nevertheless, 
in almost every case it was possible to obtain acceptable 
images, as peristalsis caused movement of the gas which 
could be displaced by pressure of the transducer. 


TABLE I 


ULTRASONIC AND HISTOLOGICAL DIAGNOIIS IN 46 PATIENTS WITH 
SUSPBCTED INFLAMED APPENDICES 





Histology Ultrasound 
Ponte Negative 
Poeitrve 24 5 
Negative i 16 
PV,o,  24/25x10094 — 96*4 (95% — confidence — limits, 
78—100*4). 


PV neg: 16/21 x 100% = 76% (95% confidence limits, 53-92%). 
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FIG | 


The echographic patterns and different configurations of 
inflamed appendices in six patients. (A) and (B) show round or 
ovoid lesions. (C) and (D) show curved or crescentic lesions; at 
operation the appendix in (D) was found to be retrocaecal and 
curved towards the ileocaecal junction. Scans (E) and (F) were 
Irom the only cases where the inflamed appendices could be 
visualised in their long axis in one plane; in (E) the 
inflammatory process was predominantly in the tip of the 
appendix 


However, in two patients examination proved 
impossible because of extreme gaseous distension of the 
bowel. Both of these patients had a distended abdomen 
with meteorism. 


DISCUSSION 

Sonographic characteristics of many types of bowel 
lesions have been reported (Fleischer et al, 1980: 
Morgan et al. 1980). Most frequently. abnormal 
segments demonstrate a target pattern characterised by 
an anechoic halo wider than | cm, representing 
thickening of the bowel wall. with a central hyperechoic 
core representing the mucous lining of the bowel lumen 
and its contents. Bowel segments tend to lack 
demonstrable movement or change of configuration 


956 





during peristalsis and show a grossly irregular contour 
(Fleischer et al, 1980) 

In the present study the sonographic pattern of the 
inflamed appendices appeared as sonolucent lesions. 
The fact that a central echogenic core was not 
demonstrated could be explained by the small size of 
the appendix, by purulent exudate filling the lumen, and 
by oedema of the mucosa causing the central areas of 
the lesion to appear echo-poor. 

This study illustrates the possibility of visualising the 
inflamed appendix. Nevertheless, non-visualisation of 
an echo-poor/echo-free lesion does not exclude the 
presence of an inflamed appendix. Acute appendicitis, 
therefore, continues to remain a difficult diagnosis. 
particularly in the very young and elderly (Jess, 1983). 
Furthermore, it may simulate almost any other acute 
abdominal disease and in turn be mimicked by a variety 
of gastrointestinal, gynaecological or urological con- 
ditions (Jess et al, 1981) in many of which ultrasound 
has proved to be of benefit (Holm et al. 1980; Braun 
et al, 1984). The value of abdominal ultrasound as an 
initial screening procedure in patients suspected of 
having acute appendicitis or in patients with atypical 
abdominal symptoms requires further evaluation. 


SUPPLEMENT 
Alter the completion of the present manuscript a similar 
study was reported by Puvlaert (1986) 
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ABSTRACT 

Non-ionic dimers are a new class of iodinated radiological 
contrast agents. Some physico-chemical and pharmacological 
properties of three representative compounds are presented. 
Non-ionic dimers are iso-osmolar with plasma at all iodine 
concentrations unless diluted with saline and in terms of 
chemotoxicity they appear to be closely comparable with the 
established non-ionic monomeric agents. It is shown that the 
data lend support to the theory that it is the degree of steric 
hindrance of the hydrophobic iodine atoms by side-chains 
which determines this chemotoxicity. Areas in which agents of 
this type may find applications are indicated. 


Development of the new generation of "low- 
osmolality" contrast agents has taken two different 
routes. The first, based on the original idea of Almen 
(1969), led to the non-ionic tri-iodinated monomeric 
group of compounds, firstly metrizamide (Amipaque, 
Nycomed) and, more recently, iohexol (Omnipaque, 
Nycomed) and iopamidol (Niopam, Bracco) The 
second led to the ionic hexaiodinated monoacid dimer, 
ioxaglic acid (Hexabrix, May and Baker) The 
structures of iohexol and meglumine/sodium toxaglate 
(Hexabrix) are illustrated in Fig. |, with the conven- 
tional sodium iothalamate (Conray, May & Baker) for 
comparison. 

Both types of compound have a 3: | ratio of iodine 
atoms (contrast) to particles in solution (osmolality). 
This represents a twofold improvement over the 3:2 
ratio of the conventional compounds. 

Aggregation of particles in solution results in a higher 
effective molecular weight and a somewhat greater 
reduction in osmolality than the 50% suggested by 
these numbers (Dawson et al, 1983). 

At the high iodine concentrations favoured by 
radiologists for some applications (300-400 mg/ml 
iodine) the 3: | ratio compounds still have osmolalities 
approximately two to three times that of plasma. An 
obvious next developmental step would be to combine 
the two approaches and to synthesise a non-ionic 
hexaiodinated dimer. Such a compound would have an 
iodine-to-particle ratio of 6:1, giving a further 
theoretical halving of the osmolality at any given iodine 
concentration. Thus, solutions with iodine concentra- 


expected to be very close in osmolality to that of 
plasma. This attractive idea has been pursued by several 
pharmaceutical companies who have synthesised experi- 
mental compounds, three of which are illustrated in 
Fig. 2. 
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In so far as the toxicity of a contrast agent is partly a 
function of its degree of hyperosmolality, such 
compounds would appear to promise an improvement 
even over the excellent 3: | ratio non-ionic monomeric 
and monoacid dimeric agents. Systemic toxicity is not, 
however, a function only of osmolality, but depends 
also on chemical structure (chemotoxicity). Indeed, 
since these 3:1 ratio agents completely eliminate the 
osmolality problem, their clinical toxicity will be 
dictated by their chemotoxicity (and any hyper- 
sensitivity) which therefore assumes great importance. 
In this paper a study of the chemotoxicity of the dimers 
is described with some data on their chemistry and 
physical properties. 


CHEMISTRY AND PHYSICAL PROPERTIES 
The contrast agents used in this study are listed in 
Table I and their structures are illustrated in Figs | 
and 2. 


Osmolality 

The osmolalities, as a function of iodine concentra- 
tion, are shown in Fig. 3. All three dimers studied are 
so close in osmolality that, to maintain clarity, only one 
curve has been plotted to represent them. It will be seen 
that the dimer osmolality is actually Jess than that of 
plasma until iodine concentrations greater than 
400 mg/ml are reached. This is the result of aggregation 
of molecules leading to a greater effective molecular 
weight and a reduced osmolality. Since Aypo-osmolality 
might be considered undesirable, the manufacturers add 
small amounts of saline to the finished product so that 
their osmolality is raised to that of plasma. 


Viscosity 

Figure 4 illustrates the viscosities of the dimeric 
agents, with iohexol for comparison, as a function of 
iodine concentration, at 20°C and 37°C. Again, all three 
dimers are closely similar, so only one curve is 
illustrated. It is immediately apparent that viscosity, as 
might be predicted with such large molecules, is higher 
than that of the monomer. If the temperature is raised 
to 37°C, for which a sensible case can in any event be 
made. the viscosity falls to a level below that of iohexol 
at 20°C. Agents of this type would, therefore, be quite 
usable in angiography if other properties were acceptable. 

In myelography higher viscosity may be regarded as a 
positive asset as it mitigates against rapid diffusion and 
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5410-3A, Nycomed), Compound 2-5410- 
OH OH 4A (Nycomed) and (C) iotrolan (Com- 
C pound ZK 39.482, Schering AG). 
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Osmolalities as a function of iodine concentration at 37°C 
(data from May and Baker, Nycomed and Schering AG). 


dilution in the cerebrospinal fluid and against rapid 
diffusion out of the spinal theca. 


TOXICITY OF CONTRAST AGENTS 

The toxicity of iodinated contrast agents is a function 
of osmolality, electric charge, chemotoxicity and 
hypersensitivity. 

Conventional contrast agents are toxic because of 
their high osmolality (up to 7.5 times that of plasma). 
Non-ionic monomeric agents and the monoacid dimeric 
agent, though called “‘low-osmolality” agents, still have 
osmolalities two to three times that of plasma at higher 
iodine concentrations and still possess some toxicity on 
this basis. The non-ionic dimers, however, can be made 
iso-osmolar with plasma at all concentrations (with 
added saline if necessary) and possess no such toxicity. 

lonic agents possess a toxicity as a consequence of 
their electric charge. This is certainly important in 
neurotoxicity in myelography, but its importance in 
general systemic toxicity has probably been 
exaggerated. The non-ionic dimers possess no electric 
charge and hence no charge-based toxicity. Any toxicity 
manifested by the non-ionic dimers will derive from 
their chemical structure. 

Many phenomena have been studied to assess 
chemotoxicity (Dawson & Edgerton, 1983). The one on 
which particular interest has been focused is enzyme 
inhibition. Inhibition of the enzyme acetyl- 
cholinesterase, in particular, has not only proved a 
good indicator for clinical toxicity with a large number 


TABLE 1 
CONTRAST AGENTS USED IN THE STUDY 
POSON 
Proprietary name Non-proprietary Manufacturer 
name 
Conray 420 sodium iothalamate May and Baker 
Omnipaque iohexol Nycomed 
Compound 2-5410-3A  iodixanol Nycomed 
Compound 2-5410-4A (as yet unnamed) Nycomed 
Compound ZK39.482  iotrolan Schering AG 
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of contrast agents, but may also be the basic mechanism 
of some contrast agent side-effects. It was therefore 
used to assess the chemotoxicity of the non-ionic 
dimers. The techniques have been described in detail 
elsewhere (Howell & Dawson, 1985). 


RESULTS 

Figure 5 shows the percentage of acetylcholinesterase 
activity remaining plotted against the iodine concentra- 
tion of the contrast media (mg/ml) in the reaction 
mixture. All points plotted are the mean of 10 analyses 
at that iodine concentration. There is an approximately 
straight-line relationship between inhibition of acetyl- 
cholinesterase activity and iodine concentration for 
each agent. The conventional ionic agents (represented 
by sodium iothalamate) form a group having a larger 
effect on the enzyme and the non-ionic monomeric 
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Viscosities at 37°C and 20°C as a function of iodine 
concentration (data from Nycomed and Schering AG). 
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agents form another group having a lesser effect, as 
previously described (Dawson & Edgerton, 1983). 
Interestingly, the non-ionic dimeric agents seem, 
properly, to belong in the latter group, all having a very 
similar effect to that of the non-ionic monomers. 

A Lineweaver-Burk plot (Conn & Stumpf, 1972; 
Howell & Dawson, 1985) of the enzyme inhibition data, 
not shown, confirmed that the inhibition is of a simple 
competitive character. 


DISCUSSION 

Contrast agent toxicity has been found to correlate 
well both with protein binding (Dawson & Edgerton, 
1983) and with lpophilicity: hydrophilicity ratio 
(partition coefficient) (Speck et al, 1983). 

The non-ionic dimers have low protein-binding 
capacity and are highly hydrophilic, suggesting they will 
have low toxicity. That said, the basic mechanisms of 
toxicity remain unclear. It may be that inhibition of 
enzymes by contrast agents binding to them is a 
fundamental factor. On this model, the low protein- 
binding capacity and consequent low enzyme inhibitory 
capacity of the newer agents leads directly to the low 
toxicity. 

As regards lipophilicity : hydrophilicity ratio, iodine 
groups themselves are highly hydrophobic and on this 
basis are best shielded (steric hindrance) by hydrophilic 
groups (Sovak, 1984). This is something poorly 
achieved in the conventional agents with their short 
side-chains, but well achieved in both the monomeric 
and the dimeric non-ionic agents. These compounds, 
having lost the carboxyl group (which confers such high 
solubility on the ionic agents), are synthesised with 
larger side-chains carrying many hydroxyl groups, 
which give solubility and increase the agents’ hydro- 
philicity, both because the hydroxyl groups are 
themselves hydrophilic and because they shield the 
hydrophobic iodine atoms (Howell & Dawson, 1985). 

To state these ideas is to say nothing about 
fundamental mechanisms. It has been suggested 
recently (Howell & Dawson, 1985) that the iodine 
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groups may be directly responsible for the enzyme 
inhibitory effect and other aspects of chemotoxicity. 
This hypothesis would fit the known facts well, but 
further work needs to be carried out to test it. Such 
ideas are important because tbey may allow a 
prediction of pharmacology from chemical structure. 

Whatever the fundamental mechanisms involved, 
non-ionic dimers satisfy well established criteria for low 
clinical toxicity. Human studies have not yet been 
performed, but animal experiments have shown that 
lethal dose 50% (LD,,) levels, a crude measure of 
toxicity, are indeed very similar for the non-ionic 
dimers and monomers. 


Clinical uses 

The non-ionic dimers may find important application 
in myelography, where their large molecular size and 
higher viscosity offer positive advantages, as discussed 
above, particularly as preliminary studies show that 
their neurotoxicities are very low (Malnor et al, 1984). 
Their lower osmolalities may offer image-quality 
improvements in intravenous digital subtraction angio- 
graphy (DSA) as a result of lesser dilution of the 
contrast-agent bolus in the central blood volume (Hine 
et al, 1985). 


SUMMARY 

The non-ionic dimers are a new group of contrast 
agents, currently under development. In the useful 
i0dine concentration range they possess osmolalities 
close to that of plasma. Their viscosities are relatively 
high, but when warmed to 37° are reduced to acceptable 
levels for intravascular use. Their chemotoxicities as 
expressed in enzyme inhibitory capacity are very close 
to that of iohexol, a non-ionic monomer. This lends 
support to the theory that it is the degree of steric 
hindrance of the iodine atoms 1n contrast agents which 
dictates their chemotoxicities. It also suggests a low 
clinical toxicity for the non-ionic dimers comparable 
with that of the non-ionic monomers. The LD,, data 
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support this prediction. The agents may find particular 
application in myelography and intravenous DSA. 
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Book review 


Cerebral Blood Flow and Metabolum Measurement. Ed. by A. 
Hartmann and S. Hayer, pp. 618, 1985 (Springer-Verlag, 
Berlin), DM 188. 
ISBN 3—540—-13824— 
This book is the published of an international 
symposium on cerebral blood flow (CBF) held in Hexdelberg in 
1983, but there is a wealth of basic information here, most of 
which stands the test of time even in a field that is rapidly 
developing 

The start of the book contains a highly relevant and 
important critique of the xenon washout technique. Most 
notable is a study of the assumptions of the compartmental 
analysis of inert gas washout using direct measurement of H, 
diffusion with hydrogen electrodes in the cat bram. They could 
not confirm the basic assumptions that the tissue is 
homogeneous and contams no concentration gradients of the 
tracer, that the arterial tracer concentration is known in the 
area observed, or that the tumour is removed only by blood 
from the site sensed. 

Compartmental slippage is discussed by Herholz et al. This 
euphemism for failure of a basic assumption of compartmental 
analysis was demonstrated to occur with xenon washout and 
they concluded that the “reliability of regional CBF values 
obtained by the non-smvastve biocompartmental xenon 133 
clearance method may vary considerably from region to 
region". Seylar and Merc consider the effects of non 
instantaneous arrival of tracer in the brain and the 
contamination due to extracerebral tissues after intravenous 
injection of xenon. They found the technique reproducible but 
noted that corrections for Pa CO, differences are not 

iate for use in cases of cerebrovascular disorder. 

O'Bnen concludes that the techniques give very good results in 
normal subjects but errors increase exponentially in patho- 

ical states. 

A wealth of clinxal investigations using xenon washout 
techniques are recorded: in cerebral ischaemia, stroke, extra- 


follows: an increase of CBF occurs with riung CO, and nang 
pO, and a decrease of CBF occurs with msmg pH, 
haemoglobin and age. Raising blood pressure causes an 
increase of CBF in subarachnoid but decreasing 
blood pressure improves CBF in patients with ischaemic 
stroke. Cerebral blood flow tomography usmg xenon 133 
mhalation is described by Lassen. Paulsen ot al show that 
tissue flow values cannot be obtained from ischaemic areas 
because of Compton scattering effects Examples of apphca- 


tions in Parkinsonism, mental disorder, stroke and by-pass 
surgery are given. 

These techniques, however, are being overtaken by the use 

Sle ace Wl cages fg cee ac i 
amphetamine, LAMP, and ! 
HIPDM, and more recently Tc HMI HMPAO (although this 
development post dates this Congress). Raynaud et al compare 
IAMP and HIPDM in a vanety of cerebral disorders. Several 
authors describe studies of qualitative regional cerebral flow 
but quantitative estimates remain unobtainable because of 
incomplete first-pass extraction, efflux from brain tissue and 
labelled metabolites in the blood. 

Quantitatrve measurement of intracerebral blood flow 
distribution using a non-diffusible indicator, "Tc" albumin, in 
cerebrovascular disease and dementia 1s described by Nimmon 
et al. 

The stable xenon X-ray CT method for the measurement of 
CBF is described by Meyer and by Dwyer and Albright and 
applications are given by other authors. However, the dangers 
of stable xenon, a respiratory-centre depressant and 
anaesthetic agent, are stressed by Winkler et aL 

The contribution of positron emission tomography (PET) is 
ee ee ee ee 
clinical applications. The complexities of modelling the 
metabolism of !*F deoxyglucose by the brain are well 
described, as are its applications in sensory localisation and 
cerebrovascular disease. The Hammersmith Group describe 
130 as C150, for flow, !*O for oxygen uptake and the division 
of the two for oxygen extraction rates Several authors 
demonstrate its applications, including Parkinsonism and in 
cerebral tumour. The curious formulation of cerebral blood 
flow divided by cerebral blood volume is described by Gibbs 
et al, apparently not appreciating that this is just the reciprocal 
of the cerebral mean transit time. The importance of PET in 
studying ligand interaction with special receptors is only 
represented by Baron etal describing the use of !!C 
Ketanserin for investigating 5-hydroxy-serotonin receptors. 
The volume is completed by some studies of nuclear magnetic 
resonance (NMR) and ultrasonic procedures Alavi ct al 
present correlative studies of NMR with PET and X-ray CT. 
Muller et al give a detailed study of the limitations and clinical 
use of carotid blood flow estimation by Doppler techniques. 

In conclusion, there is an enormous amount of detailed, 
often cri&cally appraised information about the investigation 
of the brain in bealth and disease and it is a rewarding book to 
read or to sample. 

Karn BRITTON 
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ABSTRACT 

A correction of background activity that considers the heart 
volume is introduced in radionuclide equilibrium cardio- 
graphy. Left ventricular ejection fraction (LVEF) was 
determined in 19 patients with ischaemic heart disease by 
multigated equilibrium scan with ?°Tc™-labelled red blood cells 
C?Tc"-RBC). Assuming that the majority of background 
activity in the ventricular and periventricular regions of 
interest. arises from ?"Tc"-RBC in lung tissue, a ven- 
tricular/periventricular background ratio was calculated from 
the distribution of ""Tc"-labelled macroaggregated albumin. 
The mean relative distribution of pulmonary ?*Tc"-RBC 
activity in the ventricular region of interest was 0.590 (range 
0.279-1.061) compared with the periventricular region. The 
modified background correction resulted in a mean LVEF of 
43.0% (range 12.9-67.6%) compared with 46.8% (range 
10.9-67.8%) with the standard correction, p < 0.005. Since no 
attempt was made to calculate the proportion of ??Tc"-RBC 
activity arising from the myocardium and thoracic wall, this 
difference represents an upper limit of the general overestima- 
tion of LVEF obtained by the standard calculation. A further 
decrease in LVEF was seen when no background correction 
was applied. The present results suggest that standard LVEF 
calculation, by neglecting the background volume displaced by 
the cardiac blood pool, results in a slight overestimation of 
LVEF. 


Some investigators have assessed radionuclide left 
ventricular ejection fraction (LVEF) without correction 
for background radioactivity in the ventricular region 
of interest (Luig et al, 1979; Karsch et al, 1980). Others 
have stressed the importance of background correction 
in the determination of LVEF and left ventricular 
volumes by the equilibrium method (Williams & 
Hamilton, 1978; Taylor et al, 1980; Reiber et al, 1983; 
Seiderer et al, 1983). The standard background evalua- 
tion utilises either peridiastolic or perisystolic radio- 
activity to adjust for activity lying in front of and 
behind the heart with normalisation of the periven- 
tricular area for ventricular size (Parker et al, 1972; 
Green et al, 1978; Slutsky et al, 1979; Bar-Shlomo et al, 
1982; Froelich et al, 1983). However, the standard 
calculation of LVEF does not consider the "displace- 
ment" of background by the actual ventricular volumes, 
which are thereby underestimated. 
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In the present study we took the first step to estimate 
the influence of this phenomenon by measuring the 
radioactivity of ??Tc"-labelled red blood cells (??Tc^. 
RBC) located in the pulmonary tissue in front of and 
behind the heart in proportion to the ??Tc"-RBC 
activity in the periventricular lung region. 


MATERIAL AND METHODS 
Theoretical considerations 
Left ventricular ejection fraction, determined by the 
standard method, was calculated by the formula: 


EDA(EDC — BGC) — ESA(ESC — BGC) 


décide EDA(EDC — BGC) 
_  ESACESC- BGC) - 
EDA(EDC —BGC) 
where EDA = end-diastolic area (pixels), 
EDC = activity in EDA (counts per pixel), 


BGC = background (periventricular) counts per pixel, 
ESA = end-systolic area, and ESC = activity in ESA 
(counts per pixel). 

It was assumed that the relation between the °°Tc™- 
RBC activity in front of and behind the left ventricle 
("true"-BG) and the ??Tc"-RBC activity in the 
periventricular region (BGC) could be presented by the 
relation between the pulmonary blood flows in the 
respective regions (Fig. 1). It was also assumed that the 
pulmonary blood flows could be presented by the 
distribution of °°Tc™-labelled macroaggregated albumin 
C?Tc"-MAA) trapped in the lung capillaries after 
intravenous injection and located in the end-diastolic 
(MAA-EDC), end-systolic (MAA-ESC) and peri- 
ventricular background regions (MAA-BGC). Thus, 


"true"-BG in end-diastole | MAA-EDC 
|. — BGC  MAA-BGC 
and 


Q) 
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A modification of Equation (1) with the aid of Equation 
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(2) results 1n the modified LVEF calculation: 
LVEF - 
i ESA (ESC — BGC x (MAA-ESC/MAA-BGC)) 
EDA(EDC — BGC x (MAA-EDC/MAA-BGC)) 
Left ventricular ejection fraction determined without 
background correction was calculated by: 
ESA x ESC 
EDA x EDC 


(3) 


LVEF = 1— (4) 


Study protocol 

Thirteen men and six women, aged 42-73 (mean 60) 
years, with ischaemic heart disease underwent deter- 
mination of radionuclide LVEF at supine rest. 
Autologous red blood cells (RBC) were labelled in vitro 
with approximately 925 MBq (25 mCi) Te and 
reinjected. Data were collected by a gamma scintillation 
camera equipped with a high-sensitivity parallel-hole 
collimator and a computer system  (Scintiview, 
Siemens). Left ventricular ejection fraction was deter- 
mined in the left anterior oblique projection with a 
5—10? caudal tilt. 

Multiple — electrocardiographic-gated equilibrium 
blood scintigrams were achieved by division of each 
cardiac cycle into 16 frames. Activity was compiled 
over 600—800 beats. Data were acquired in a 64 x 64 
frame format. The left ventricular end-diastolic and 
end-systolic areas were manually delineated in a 
128x 128 format matrix. The background area was 
drawn just infero-lateral of the ventricle in the end- 
diastolic frame and normalised for ventricular size 
(Fig. 1). The reproducibility of this method has proved 
acceptable in our laboratory. 

Three repeat measurements of LVEF were performed 
with identical acquisition duration. The in-vivo half-life 
of °*Tc™-RBC was calculated from the two first 
acquisitions Immediately before the third LVEF 
acquisition approximately 148 MBq (4 mCi) of °°Tc™- 
MAA was administered intravenously. The activity 
arising from MAA in the third acquisition was 
calculated using: 


A, (MAA) = A, (Total)—A, (RBC) 





Fra. 1. 
The true background activity 1s located in 
front of and behind the left ventricle 
(dark area) in the left ventncular region 
of interest (LV-ROJ). The standard beck- 
ground activity is calculated m & back- 
ground region of interest (BG-ROD) in the 
periventricular region. This area is nor- 
malised for ventricular nze (NBG-ROJ). 
It : seen that the normalised arca 
overestimates the true background 
activity because it does not consider the 
ventricular volume 


Values of LVEF obtained by Equations 1, 2 and 3 were 
compared. Statistical analysis was performed by means 
of the t-test for paired and unpaired data. A p value 
« 0.05 was considered significant. 


RESULTS 

The activity ratios of *"Tc"-MAA in the ventricular 
and periventricular region of interest are recorded in 
Table I. The MAA ratios EDC/BGC and ESC/BGC 
ranged from 0.279 to 0.945 (mean 0.591) and 0.289 to 
1.061 (mean 0.588). This difference was not significant. 

The modified background correction resulted in a 
mean LVEF of 43.0% (range 12.9-67.7%) compared 
with 46.8% (range 10.9-67.8%) with the standard 
background correction; p < 0.005 (Table I). No back- 
ground correction resulted in a further decrease in 
mean LVEF, to 39.8% (range 9.2-59.5%), p < 0.001 
compared with the standard background correction. 

Comparison of the standard and modified back- 
ground corrections demonstrated LVEF differences 
smaller than 5% in 12 patients. In five patients the 
difference was 5—-10%, leaving only two patients with an 
LVEF difference greater than 10%. 


DISCUSSION 

Preferences vary concerning the best method of 
subtracting counts that do not originate from the left 
ventricle (Ashburn et al, 1978), and various background 
subtraction regimes have resulted in widely different 
values of LVEF. Karsch et al (1980) found an excellent 
correlation between LVEF determined by radionuclide 
cardiography and contrast cineventriculography despite 
the fact that LVEF was determined without background 
correction. In contrast, Reiber et al (1983) found that a 
method using separate end-diastolic and end-systolic 
contours and a background region showing minimal 
variance throughout the cardiac cycle correlated best 
with the contrast ventriculography. This method of 
background subtraction corresponds to that employed 
by others (Pfisterer ct al, 1979; Wackers et al, 1979) 
who have tested the validity of the technique. Some 
authors have recommended that each laboratory using 
radionuclide methods should develop its own correction 
by appropriate regression equations to give values of 
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TABLE I 
Activity oF ?°Tco™-RBC anp ?°TC™-MAA IN THE LEFT VENTRICULAR AND BACKGROUND REGIONS OF INTEREST 
Case ?9Tc"-RBC activity ?9?Tc"-MAA activity LVEF (94) 
EDC EDA ESC ESA BGC EDC/BGC ESC;BGC background correction no 
(counts per (pixels) (counts per (pixels) (counts per ne aek round 
pixel) pixel) pixel) standard modified correction 
| 70.76 937 $901 455 . 26.88 0.279 0.462 64.4 64.2 59.5 
2 78.19 1229 75.95 822 27.08 0.870 0.677 36.0 29.4 35,0 
3 75.45 1114 61.37 715 — 38.08 0.516 0.426 60.0 48.0 47.8 
4 57.01 748 | 48.20 392 19.17 0.387 0.289 59.8 54.9 55.7 
5 91.17 938 85.46 770 | 32,92 0.433 0.396 26.0 22.7 234 
6 81.43 1396 79.4] 1148 22.87 0.754 0.696 20.6 18.7 19.8 
7 78.01 1256 — 64.44 774 | 31.36 0.789 0.735 56.3 3524 49.1 
8 84.05 767 . 60.13 548 . 36.17 0.357 0.320 4.2 51.2 48.9 
9 85.47 867 731.83 556 — 30.85 0.336 0.337 49.5 45.2 44.6 
10 81.91 829 — 74,93 630 27.73 0.672 0.897 33.8 39.9 30.5 
E 75.87 1207 61.49 798 3497 0.491 0.583 57., $3.1 46.4 
12 75.53 1674 69.09 596 19.82 0.536 0.634 10.9 12.9 9.2 
13 7].30 1025 . 58.45 844 — 431.62 0.836 0.830 55.9 47.5 32.5 
14 75.70 1435 76415 1130 2823 0.416 0.296 20.0 16.2 20.5 
15 74.08 1316 — 57.96 796 . 33.06 0.945 1.061 63.2 67.6 52.6 
16 70.43 1338 54,90 914 — 2694 0.525 0.534 56.1 50.8 46.7 
17 66.31 893 5321 475 . 33.09 0.338 0.331 67.8 59.2 57.3 
18 80.74 1057 . 74325 87] 32,38 0.892 0.833 28.7 24.9 24.2 
19 73.19 1098 58.72 638 22.14 0.829 0.842 58.4 57.5 53.4 
Mean 76.14 i112 65.64 730 29.86 0.591 0.588 46.8 43.0 39.8 
SD 7.58 253 — 1024 208 6.32 0.200 0.236 18.1 17.0 15.0 
EDC = end-diastolic counts, EDA = end-diastolic area, ESC = end-systolic counts, ESA = end-systolic area, BCG = back- 


ground counts, ""Tc"-RBC = ?°Tc™-labelled red blood cells, °°Te"-MAA = °°Tc™-labelled macroaggregated albumin. 


radionuclide LVEF that agree with contrast ventriculo- 
graphy based on a series of patients undergoing both 
investigations (Folland et al, 1977). However. it is 
noticeable that the cineventriculographic contrast 
method itself has inherent limitations (Dodge et al, 
1966), and that its value as a reference method is 
therefore limited. 

We found that the ratio between the "pulmonary" 
activity located in front of and behind the left ventricle 
and that located in the periventricular region varied 
from 28% to 106% (Table I). This demonstrates wide 
anatomical differences in patients with ischaemic heart 
disease and probably reflects variations in both heart 
size and the ventricular depth in the thoracic cavity 
(Seiderer et al, 1983). Background activity in other than 
pulmonary tissue was not regarded because of the lack 
of appropriate models to calculate these activities. A 
considerable ?"Tc"-RBC activity in the myocardium 
and thoracic wall would tend to reduce the difference in 
activity in the "true" and the periventricular back- 
ground regions. Thus, the modification factor of the 
standard background correction should actually be 
smaller than that applied in the present study. The 
modified background correction in our study resulted in 
a mean LVEF reduction by 3.8%. which therefore 
represents an upper limit of the general overestimation 
of LVEF by the standard correction. 
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Left ventricular ejection fraction was reduced in 16 
out of 19 patients (84%: 95% confidence limits, 
60-97%). The largest absolute differences between the 
standard and modified LVEF values were found in 
patients in whom the ratio MAA-EDC/MAA-BGC was 
larger than the ratio MAA-ESC/MAA-BGC, in 
patients where these ratios were low and in patients 
with good ventricular function. Large relative LVEF 
differences were generally found in patients in whom 
the MAA ratios differed markedly and in whom the 
ventricular volumes were large. 

It should be noted that the modification of the LVEF 
calculation applied in this study, cf. Equation 3, 
assumes that the ratio between ??Tc"-RBC activity in 
front of and behind the left ventricle and °°Tc™-RBC 
activity in the periventricular region equals the ratio 
between the pulmonary blood flows in the similar 
regions. This approach implies that the distribution of 
major vessels supplying distant tissues is rather uniform 
in the respective regions. In cases with more major 
vessels in the periventricular than in the "true" 
background region, the modification factor would be 
underestimated. Still, this underestimation would serve 
to counterbalance the neglected myocardial and 
thoracic wall radioactivity as mentioned above. 

In conclusion, the present study demonstrates various 
sizes of the pulmonary blood flow located in the left 
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ventricular region of interest in patients with ischaemic 
heart disease. Left ventricular ejection fraction 
calculated with a modified background correction that 
considers the heart volume, compered with a standard 
correction results in slight reductions of LVEF in most 
cases. In some patients the LVEF reduction may reach 


chnical significance. 
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ABSTRACT 

The maximum single dose of the 2-nitroimidazole hypoxic cell 
radiosensitiser Ro 03-8799 is limited to 1 g/m? by the 
occurrence of a well characterised acute syndrome of sweating, 
nausea and mental changes. In an attempt to increase the 
tolerable dose, the clinical toxicity of the racemic mixture was 
compared with that of the R- and S-enantiomers of Ro 03-8799, 
Twelve patients received escalating alternate doses of racemic 
mixture and R- or S-enantiomer, the dose levels being 
0.25 g/m?, 0.5 g/m?, 0.75 g/m? and 1.0 g/m*. Careful monitor- 
ing of the acute syndrome failed to demonstrate any consistent 
differences between racemic mixture and either enantiomer. 
This would suggest that the toxicity is not mediated via any 
specific central nervous system receptor. It is concluded that 
separation of Ro 03-8799 into its enantiomers will not enable a 
clinically useful increase in dosage. 


The maximum dose and, therefore, the clinical 
usefulness of nitroimidazole hypoxic cell radiosensitisers 
is often limited by neurotoxicity. With the (2-nitro- 
imidazolyl)propanolamine Ro 03-8799 this consists of 
an acute syndrome comprising dizziness, nausea, 
sweating, taste abnormalities, paraesthesia and a feeling 
of detachment. These symptoms vary between patients, 
but are dose-related; the maximum single dose which 
may be given is | g/m? of surface area (Roberts et al, 
1984; Saunders et al, 1984). The pathogenesis of this 
syndrome has not been elucidated. 

The Ro 03-8799 substance used in clinical and most 
pre-clinical studies actually contains equal amounts of 
two distinct molecular forms known as enantiomers 
(Fig. 1), which together comprise the normal, so-called 
racemic, mixture*. The two enantiomers have been 
prepared separately, and found to possess equivalent 
radiosensitising activity and chronic aerobic 
cytotoxicity in vitro (Jones etal, 1984, personal 
communication). However, with some racemic com- 
pounds having central nervous system (CNS) activity 


*The enantiomers as seen in Fig. | have identical chemical 
formulae but differ in the spatial arrangement of the atoms, 
being mirror images in the plane of the paper. Enantiomers (or 
optical isomers) differ in their behaviour towards polarised 
light, and may differ profoundly in pharmacological activity. 


the efficacy (desired activity) and toxicity (undesired 
activity) may reside with different enantiomers, as for 
several arylalkanolamines and arylalkylamines not 
unrelated to Ro 03-8799 (Portoghese, 1970; Simonyi, 
1984). It was therefore possible that one of the 
enantiomers of Ro 03-8799 would be primarily respon- 
sible for the acute CNS toxicity syndrome. With equal 
efficacy, administration of the less toxic enantiomer 
might allow a useful increase in dose, and hence in the 
sensitisation which might be achieved. Although 
behavioural studies in mice and cats showed no 
significant difference between the enantiomers or 
Ro 03-8799 racemic mixture, none of these 
investigations detected effects which could be con- 
sidered equivalent to the acute syndrome seen in man 
(Holmes, 1984, personal communication). Using a 
within-patient escalating dose regimen, we have now 
compared the severity of symptoms produced by the 
individual enantiomers of Ro 03-8799 with that of the 
conventional racemic mixture in man. 


PATIENTS AND METHODS 

Twelve patients undergoing radiotherapy were 
studied, six in each of our two institutions. All had 
normal mental function and no previous history of 
neurological, renal or hepatic disease. Patients who 
were taking benzodiazepines, glucocorticoids or 
enzyme-inducing agents were excluded, as were those 
with abnormal renal or liver function tests. Ethical 
Committee approval was granted for the study at both 
institutions and informed consent was obtained. 

Methods for the preparation of Ro 03-8799 racemic 
mixture from racemic epichlorohydrin have been 
described (Smithen, 1981). Both enantiomers of Ro 03- 
8799 were obtained by optical resolution of the racemic 
mixture using either the classical method of 
diastereomeric salt formation with pure enantiomers of 
chiral acids (Wilen, 1971) or the kinetic method of 
stereoselective N-oxidation (Miyano et al, 1983). N-acyl 
derivatives of a-amino acids, such as N-phthaloyl- 
phenylalanine, are particularly useful as resolving 
agents for racemic bases such as Ro 03-8799 because 
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Stereostructures of enantiomers of Ro 03-8799 The enantio- 
mers shown are mirror-mmages m the plane of the paper. 


both enantiomers of the amino acid are readily 
available in high optical purity, at least one of the 
diastereomeric acid-addition salts is highly crystalline 
and easily purified by recrystallisation, and subeequent 
treatment of the purified salt in a conventional manner 
results in liberation of the corresponding enantiomer of 
the base and recovery of the resolving agent. Thus, N- 
phthaloyl-L-phenylalanine gave pure (—)-enantiomer 
of Ro 03-8799, [a], —6.0° (c 1.0, MeOH)t. The 
absolute stereochemistry of the enantiomers of Ro 03- 
8799 was established by stereospecific syntheses from 
the known enantiomers of epichlorohydrin, using the 
methods previously described (Smithen, 1981). Thus, S- 
(+}epichlorohydrin obtained from D-mannitol 
(Baldwin et al, 1978) gave R{—)}enantiomer of Ro 03- 
8799 having >90% enantiomeric purityt. Each 
enantiomer was finally converted into the correspond- 
ing hydrochloride salt. 

Ro 03-8799 was administered on alternate days, to 
allow clearance of the previously administered drug. 
Dosage began at 250 mg/m? of racemic mixture, 
followed by the same dose of either R- or S-enantiomer 
on a double-blind basis. The drugs were infused in 
50 ml of normal saline over 10 min, and the patients 
carefully observed for any subjective or objective 
toxicity. The dose was escalated through 500 mg/m? 
and 750 mg/m? to lg/m?, each individual patient 
receiving the same enantiomer throughout. All doses 
refer to the hydrochloride salt. 

Side-effects were graded as: 


(0) no side-effects; 

(1) mild: causing little or no distress and not requiring 
any modification of the infusion or special 
treatment; 

(2) moderate: causing some distress, and possibly 
needing slowing of the infusion but not needing 
special care; and 


Ful experimental details of the resolution of Ro 03-8799 
racemic mixture, stereospecific syntheses of the enantiomers 
and methods of assay of enantiomeric purity will be described 
elsewhere by Smithen et al. 


(3) severe: causing marked distress, needing special care 
or discontinuing the infusion 


Full blood count, urea, electrolytes, creatinine and 
liver function tests were monitored during and 1 month 
after administration of the radiosensitiser, and patients 
were also followed up for evidence of any other toxicity. 

Fractional urine collections were made from all 12 
patients for determination of urinary recovery patterns 
at matching doses of racemic muxture and enantiomers 
and four patients had paired plasma pharmacokinetics 
performed. Analysis was by paired-ion reversed-phase 
high-performance liquid chromatography, using pub- 
lished methods (Malcolm et al, 1983). 


RESULTS 

The expected acute syndrome was seen to some 
extent in all but one of the 12 patients. The exception 
had no toxicity at any dose level of either mixture or S- 
enantiomer. As can be seen in Tablel, the acute 
toxicity increased with escalating doses, but there was 
no consistent difference in toxicity between racemic 
mixture and either enantiomer. One patient who had an 
inadvertently rapid infusion of racemic mixture at 
500 mg/m? experienced side-effects as severe as with 
1 g/m? infused over 10 min. This is consistent. with 
similar effects seen in larger series (Roberts et al, 1984) 
and suggests that rapid peak plasma levels may be an 
important factor in the acute toxicity of Ro 03-8799. 
One petient did not receive the final dose of R- 
enantiomer owing to very severe side-effects at 1 g/m? 
of mixture, and one patient completed the escalation 
above 750 mg/m? with racemic mixture only, owing to 
the stock of S-enantiomer being exhausted. 

There was no late toxicity observed in terms of 
central or peripheral neuropathy, nephropathy or 
hepatopathy, with follow-up tmes of 1-5 months 
following drug administration. Three patients have 
subsequently died from metastasis or other causes 
unrelated to Ro 03-8799. 

Two sets of paired fractional urine collections 
analysed have shown similar urinary recoveries for 
mixture, R- and  S-enantiomer. More detailed 
pharmacology will be described elsewhere. 


DISCUSSION 

A differential distribution of toxicity between the two 
enantiomers would have resulted in one being more 
toxic and the other less toxic than the racemic mixture. 
Although the number of patients who could be studied 
is small owing to very limited availability of the 
enantiomers, we would have expected to detect any 
marked differential likely to allow a substantial dose 
increase. 

There is ample precedent that the enantiomers of 
other arylalkanolamines having CNS activity, such as 
those which act at the adrenergic receptors, often show 
significant differential effects (Simonyi, 1984). It is 
widely assumed that the close proximity of the 
asymmetric (chiral) centre of such molecules to the site 
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TABLE I 
TOXICITY RATINGS AT ESCALATING DOSES OF Ro 03-8799 MIXTURE AND ENANTIOMERS 
Case Enantiomer Dose, mg/m? 
given 
250 500 750 1000 
Racemic Enantiomer Racemic Enantiomer Racemi Enantomer Racemic Enantiomer 

l R-enantiomer 0 0 l l l l l 2 

2 l l 2 l l l 2 2 

3 0 0 l 0 2 0 3 - NG 

4 0 0 0 0 0 0 2 2 

5 0 0 l 0 2 l 3 2 

6 l l l I 2 2 3 3 

7 S-enantiomer l l 2 l l I l I 

8 0 0 0 0 0 0 0 0 

9 0 0 0 0 2 3 2 2 
IO 0 0 0 0 l l l l 
Il 0 0 l l 3 2s 2 2 
12 0 0 3 2 2 2 3 3 
0, none; 1, mild, 2, moderate, 3, severe; NG, not given; “racemic mixture only at > 750 mg/m?, "rapid infusion. 
of receptor binding ıs responsible for these differences. Matcotm, S. L., LEE, A. & Groves, J.K, 1983 HPLC 


The failure to detect any significant differences in the 
pharmacological effects of the separated and mixed 
enantiomers of the (2-nitroimidazolyl)propanolamine 
Ro 03-8799, either in the present clinical study or in 
earlier animal studies (Holmes, 1984, personal 
communication), suggests that the acute syndrome 
observed in man 1s unlikely to involve any specific 
CNS-receptor interaction. 

It is concluded that the separation of Ro 03-8799 into 
its enantiomers 1s unlikely to enable a large increase in 
individual doses of this agent. It ıs possible that small 
differences in acute toxicity may not have been detected, 
but the clinical advantage which might accrue from 
minor dose escalation is uncertain, and further 
investigation of this approach is not justified. Other 
approaches to improve the clinical utility of Ro 03-8799 
should be investigated. It may be more rewarding to 
pursue the approach of combining Ro 03-8799 with a 
less lipophilic nitromidazole possessing different 
toxicities, in order to achieve a greater combined 
radiosensitising effect 
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Optimrration of Cancer Radiotherapy, Proceedings of the 
Second International Conference on Dose, Time and 
Fractionation in Radiation Oncology, September 12-14, 1984, 
Madison, Wisconsin. Ed. by Bhudatt R. Paliwal, Donald E. 
Herbert and Colin Orton, pp. 538, 1985 (American Institute of 
Physics for the American Association of Physcists in 
Medicine), $45.00/$30.00 AAPM members. 

ISBN 0-88318—483—4 

This publication presents the proceedings of a symposium held 
at the University of Wisconsin in September 1984. The 
objective of the three-day sympoerum was to provide a forum 
for radiation biologists, medical physicists, oncologists, 
dosimetrists, computer scientists and manufacturers of 
radiation therapy equipment to discuss radiobiological, 
physical and clinical aspects of time, dose and volume effects 
on precise and optimised management of cancer therapy. 

Although this is a book of the proceedings of a conference 
and, mevitably, suffers from the fact that it is a set of 
individual papers from authors with their own styles, it does 
form a useful, comprehensive review of the subject. The 
subject, however, is definitely that of the conference title, being 
much more concerned with fractionation and radiobiological 
considerations than with dose distribution concepts, although 
there is a mixed section of papers on this subject in the last 
section of the book. 

The proceedings have been divided into four main sections 
(1) treatment strategies: clinical; (2) treatment stratogues. 
radiobiological considerations; (3) time, dose and volume 
models and recent developments; (4) treatment planning 
optimisation. 

Treatment strategies (climcal) covers a range of new clinical 
approaches including: hyperfractionation split-course, low- 


and high-dosee-rate brachytherapy, combination therapy and 
neutrons, with excellent papers from major centres of 
radiotherapy/oncology in the United States. 

Treatment strategies (rediobtological) is a set of papers 
mainly dealing with the practical aspects of radiobiology but 
also including some clinical work. The papers are all from 
North America except for one from Rotterdam on high-dose- 
rate remote afterloading and another from Bombay on time 
dose fractionation factors for tumours. 

Time, dose and volume models is the predominant section of 
the book—epproximately 200 detailed discussion 
of all the various radiobiological models. There is one paper in 
particular, taking 70 pages, by D. E. Herbert, “a general linear 
model of chnical radiation effects”, which weighs the book 
down by its statistical analysis of the subject and is so like a 
thesis that it is difficult to bebeve that it formed a conference 
lecture. However, the subjects relevant to radiotherapy are well 
covered in breadth as well as in depth, so that there is 
something for everyone. All of the authors, except for 
Turesson, are from North America. 

Treatment planning optimisation includes a few papers on 
the subject of optimisation of interest to physicists—techniques 
to improve does distributions—that are practically based. The 
others are “bioeffect” semitheoretical papers, plus an 
“oddball” paper on the use of californrum-252 needles. 

This is a useful book, mainly as a source of reference to the 
radioblological models that are in vogue at the present time. 
Given the title of the book, I would like to have seen more 
papers on the very important practical subject of treatment 
planning optimisation, but perhaps this should form a book of 
its own. 

E. G. A. Amp 
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ABSTRACT 
Electron beam therapy is usually employed for the treatment-of 
tumours located at or near the surface of the body, because the 
electron beam grves a high dose near the surface, but falls off 
rapedly with increasing depth beyond the level of the 80% 


: nial 
investigated on the basis of living human cells. In the present 
study, lymphocyte chromosome analysis was employed as a 
biological dosemeter for comparison with the isodose curve 
measured physically. The peripheral blood was exposed to a 
14 MeV electron beam in a plastic tube set in a specially made 
test-tube stand immersed in a water tank. The chromosome 
aberration frequencies induced by irradiation of about 95% of 
peak dose at a depth of 31 mm were found to be higher in 
value than those induced at a depth of 17 mm where the peak 
dose had been determined physically. Three gray of irradiation 
given to whole blood in the presence of contrast medium gave 
rise to a alight enhancement of radiation-induced chromosome 
aberration frequencies in the lymphocytes exposed at a depth 
of 17 mm, but a slight decrease at 31 mm. 


It has been said that the advantage of high-energy 
electron beam therapy is that the electrons have a 
limited range in tissue, so that a suitable energy level 
can be selected to carry them to the desired site of 
irradiation without damaging the deeper tissues. 
Electron therapy is, therefore, usually employed in the 
treatment of tumours located near the body surface. In 
undertaking electron therapy, adequate knowledge is 
required concerning the build-up of the absorbed dose, 
which decreases in degree as the energy used is 
increased (Ovadia & Uhlmann, 1960; Loevinger et al, 
1961; Zatz et al, 1961; International Commission on 
Radiation Units and Measurements (CRU), 1972, 
1979). It has been generally believed that there is no 
gross difference in tho relative biological effectivencas 
(RBE) along the dose distribution in high-energy 
electron beam therapy (Leskowitz et al, 1960; Schmid et 
al, 1974). In the present investigation we have compared 
the absorbed dose obtained by a physical method with 
that obtained using chromosome aberration frequencies 
as a biological dosemeter (Sasaki, 1971; Dolphin et al, 
1973; Matsubara et al, 1974; Schmid et al, 1974; 
Silberstein et al, 1974). Furthermore, the absorbed dose 
of the electron beam depends upon the electron density 
and atomic number of the irradiated materials, resulting 
in an increased absorbed dose in osseous tissue 


(Laughlin et al, 1965; Almond et al, 1967; Khan et al, 
1978; Hogstrom et al, 1981; Prasad et al, 1984). 
Therefore the effect of contrast medium on the 
chromosome aberration induction in lymphocytes 
(Adams et al, 1977; Matsudaira et al, 1980; Matsubara 
et al, 1982, 1984) with electron beam exposure was also 
investigated. 
MATERIALS AND METHODS 

Exposure to high-energy electron beam 

The venous blood was taken from young healthy 
persons who did not have any previous history of 
exposure to ionising radiation. The blood was 
irradiated, in plastic tubes (inner diameter 14 mm and 
10 mm, No. 2037 and No. 2058, respectively, Falcon) 
immersed in water in a small tank made of acrylic resin, 
by a betatron unit (20- AE, Shimadzu). In the first study 
of the dose-effect relationship, the blood was injected 
into the 14 mm plastic tube, and the irradiation was 
given laterally at a position 22 mm from the surface of 
the water tank to the midpoint of the tube through a 
12cm x12 em portal at an energy of 14 MeV and a 
dose-rate of 3.38 Gy/min. On the other hand, in the 
investigation of dose distribution, the thinner plastic 
tubes with 10 mm inner diameter were set up in a test- 
tube rack of acrylic resin, which was specially made for 
irradiation at 17 mm, 31 mm, 37 mm, 46 mm and 
55 mm from the surface of the water tank to the 
midpoint of each tube exposed to tbe 14 MeV electron 
beam through a 12 cmx 12 cm lateral portal in the 
water (Fig. 1). The physical dose distribution in the 
water, measured by an Ionex 0.6 ml chamber (Type 
2500/3, Nuclear Enterprises), showed that the beam was 
reasonably flat (a niaximum variation of 7*4). The 
irradiation was performed according to the method 
described below. 

(1) Lymphocytes were irradiated with from 0.25 Gy 
to 3.96 Gy in the larger test-tubes with an inner 
diameter of 14 mm at a depth of 22 mm, and the dose- 
effect relation was compared with that of ©°Co y rays. 
The absorbed doses at 22 mm depth were estimated by 
a correction (9997) from the peak value at 17 mm depth 
derived from the physical depth-dose curve. 

(2) Three gray of irradiation was given to the 
peripheral lymphocytes in test-tubes with an inner 
diameter of 10mm at various depths, as described 
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Electron Beam 14 MeV 


12x12 cm i 





Depth Dose 


dU Nc ue nc 


m 
Depth 
Fra. 1. 
The peripheral blood contained in plastic tubes was irradiated 
by a 14 MeV electron beam 1n the specially designed test-tube 
rack immersed in a water tank. The large circle indicates a test- 
tube with a 14 mm inner diameter, the small circles those with 
a 10 mm mner diameter 


above. The absorbed doses given in this and subsequent 
irradiations were measured at a peak dose site of 17 mm 
depth. 

(3) In order to investigate the chromosome aberra- 
tion induction efficiencies in the lymphocytes irradiated 
within the shoulder of the electron beam, the following 
irradiations were done at depths of 17 mm and 31 mm: 
Experiment (a) 0.5 Gy, 1.0 Gy, 2.0 Gy and 40Gy, 
Experiment (b) 3.0 Gy and 9.0 Gy. 

(4) Additionally, 3 Gy of electron beam exposure was 
given to peripheral lymphocytes in the presence of 
contrast medium (iothalamate (Conray): meglumine-5- 
acetamido- N-methyl-2,4,6-triiodo-isophthalamate) to 
ascertain its effect. The concentration of iodine 
employed was 4%. 


Lymphocyte culture, slide preparation and chromosome 
analysis 

The whole blood was cultivated in RPMI-1640 
culture medium with 20° fetal bovine serum after the 
addition of 0.2 ml of PHA (phytohaemagglutinin, M- 
type). In order to ensure that only first division cells 
were analysed, the fluorescence-plus-Giemsa (FPG) 
staining technique would have been much better. 
However, Colcemid (demecolcine) was added at the 
final concentration of 0.5 ug/ml 24 h after the initiation 
of incubation at 37°C to facilitate comparison with 
Sasaki's previous data (1971). The lymphocytes were 
harvested at 50 h cultivation. Following treatment with 
0.075u KCl solution and fixation, the flame-dried 
preparation slides were stained with Giemsa. 

Dicentric or polycentric chromosomes and ring 
chromosomes were employed in the present study 
because they could be easily scored without mistakes 
and they are commonly appreciated as a biological 
dosemeter. Slides were coded before being scored. The 
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Fio. 2. 
The dose distribution of a 14 MeV electron beam measured by 


an Ionex 0.6 m] chamber within water. The peak dose is at 
17 mm depth and 807, at 40 mm depth. 


number of cells analysed ranged from 100 to 300, and 
larger numbers of cells were observed in the lower 
radiation dose ranges. For the analysis of the dose— 
response relationship, the data were fitted by least- 
squares regression analysis to a linear-quadratic model. 
The statistical significance of chromosome aberration 
frequencies was estimated by the difference between the 
two population proportions. 


RESULTS 

The depth-dose curve of the 14 MeV electron beam 
in water measured by the ionisation chamber (Fig. 2) 
showed a maximum abeorbed dose at a depth of 17 mm 
and the 8077 point at 40 mm depth forming a smooth 
shoulder configuration. The whole blood was irradiated 
with from 025 Gy to 396 Gy in a test-tube with a 
14 mm inner diameter, which was set at a depth of 22 mm 
from the surface of the water tank. The variation of 
chromosome aberration frequencies with radiation dose 
was quite compatible with that obtained with $9?Co 
y-ray irradiation (Fig. 3) and was found to be expressed 
by a linear quadratic model: 


Y = 1.14 x 107? x D+6.83 x 107? x D? (1) 


where Yand D indicated yields of dicentrics plus rings 
and dose in Gy, respectively. 

The chromosome aberration frequencies induced by 
3Gy irradiation in the test-tubes with 10mm inner 
diameter were obtained for various depths and 
illustrated in the form of relative chromosome 
aberration frequencies, in comparison with the 
estimated values calculated by substituting the dose at 
each depth in Equation (1) (Fig. 4) The curve of 
estimated chromosome aberration frequencies, thus 
obtained, showed a gentle smooth shoulder with a peak 
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2 3 & 10 


Fia. 3 
The chromosome aberration frequency versus radiation dose 
obtained by 14 MeV electron irradiation within a test-tube of 
14 mm inner diameter (open triangles) 1s compatible with that 
obtamed by “Co y-ray irradiation (dosed circles along the 
dotted line) previously reported by Sasaki (1971). 


at 17 mm and a rapid fall-off in frequencies with depths 
beyond about 30 mm. On the other hand, the depth- 
effect curve based upon the observed chromosome 
aberration frequencies was very different. Tho 
aberration frequencies induced by about 95% of peak 
dose at the 31 mm depth were found to be about 17% 
higher in value than those induced by the peak dose 
determined physically at 17mm depth. The ratios of 
observed aberration frequencies to the estimated ones 
are listed in Table I. 


TABLE I 


THE RELATION BETWEEN ESTIMATED AND OBSERVED CHROMOSOME 
ABERRATION FREQUENCIES AT VARIOUS DEPTHS 





Depths Relative chromosome aberration Ratios 
(mm) frequencies 

Estimated values Observed values 
17 1.0 1.0 1.0 
3] 091 1.17 1.29 
37 0.75 0.92 1.23 
46 0.42 06 1 43 
55 01 0.22 2.2 





Relative Chromosome Aberration Frequencies 





12 34 8 6 7 


Depth (cm) 
Fia. 4 
Relative chromosomal aberration frequencies obtamed by 
3 Gy irradiation of blood in the test-tubes with an inner 
diameter of 10mm at 17mm, 31mm, 37 mm, 46 mm and 
55 mm depth are shown by open circles along the broken line. 
The estimated chromosome aberration frequences converted 


from the physical doses are shown by open triangles with 
dotted line. Vertical lines show standard errors. 


We therefore repeated the whole-blood irradiation in 
the thinner test-tubes (10mm inner diameter), which 
were set in the test-tube stand at 17 mm and 31mm 
from the surface of the water tank. In all of these 


TABLE II 
14 MEV ELECTRON BEAM IRRADIATION AND CHROMOSOME 
ABERRATJONS 
Expern- Rada- No.of Dxentne plus Signifi- 
ment ton dose coils nngs cance (p) 
(Gy) scored 
Irradiation position at 17 mm depth 
(a) 05 300 8 0.0274-0.009 0.05 
1.0 300 25 0.08340.017 20.05 
2.0 300 83 028 +0.03 >0.05 
4.0 200 200 1.0 +0.07 >0.05 
(b) 3.0 250 106 042 +0.04 «005 
9.0 100 300 3.00 +017 20.05 
Irradiation poation at 31 mm depth 
(a) 05 300 13 0.04340 012 
1.0 300 35 0.11 +002 
2.0 300 102 0.34 +0.03 
4.0 200 229 1.15 +0.08 
(b) 3.0 250 129 0.52 +0.05 
9.0 100 330 330 +018 
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TABLE III 


THE EPFBCT OF CONTRAST MEDIUM ON THE DISTRIBUTION OF 
RADIATION-INDUCED CHROMOSOME ABERRATION FREQUENCIES 


AGAINST DEPTH 
Depth No. of Dacentric plus rings Signifi- 
(mm) cells cance (p) 
scored 
Irradiation without contrast medium 
17 200 84  0.424-0.05 « 0.05 
31 200 106 0.53+0.04 «0.05 
37 200 79  0.40--0.04 70.05 
46 200 54  0.27+0.04 0.05 
55 200 16 0.08+0.02 0.05 
Irradiation with contrast medium 
17 200 122 0.61+0.06 
31 200 86 0.43+0.05 
37 200 73 0.374 + 0.04 
46 200 41 021-003 
55 200 11 0.06+0.,02 


comparative irradiation experiments with 0.5-9.0 Gy at 
the 17 mm-deep peak dose, the chromosome 
aberration frequencies were found to be from 10% to 
60% more at a depth of 31 mm than at 17 mm, though 
the differences were not statistically significant except 
for one pair of trradiations (Table II, experimental 
doses (a) and (b)). As for the dose-effect relationships, 
seen in Table II, Experiment (a), two equations were 
obtained: 


Y= 2.96 x 107? x D+ 5.54 x 107? x D? (2) 
Y= 4,47 x 107? x D+ 6.07 x 107? x D? (3) 


at 17 mm and 31 mm from the surface of the water tank, 
respectively. The yield of dicentrics and rings obtained 
in the irradiation at a depth of 31 mm were revealed to 
be slightly higher. 

Furthermore, in the experiment with 3 Gy irradiation 
of whole blood in the presence of contrast medium (4% 
iodine) an enhancement of  radiation-induced 
chromosome aberration frequencies was noted in the 
lymphocytes exposed at 17mm, while a decrease in 
aberration frequencies was demonstrated at deeper sites, 
especially at 31 mm. The enhancement ratio at 17 mm 
was about 1.45 (Table IIT). 


DISCUSSION 

In the present study, instead of using dosimetric 
chambers, the peripheral blood lymphocytes placed 
in plastic tubes were set up at various depths in a test- 
tube rack immersed in a water tank and exposed to an 
electron beam. Chromosome analysis has frequently 
been used in the field of radiation hazard and protection 
in order to estimate an equivalent whole-body dose. 
However, the technique has rarely been used as a 
biological dosemeter to make an isodose curve for 
radiotherapy, although Lloyd et al (1978) employed 
chromosome  aberration analysis as a biological 


dosemeter and studied the biological effectiveness of 
negative pi-mesons in an experimental exposure. The 
biological effectiveness of high-energy electron beam 
irradiation is generally believed to be equal to that of 
$0Co y-ray irradiation. The effectiveness of 20 MeV 
electrons has been calculated to be 0.82 relative to 
180 kVp X rays (Leskowitz et al, 1960). On the isodose 
curve in homogeneous tissue, the peak dose region 
occurs deeper as electron energy increases and ts usually 
located between 10 mm and 30 mm deep in the cases of 
irradiation with electron beams of 10 MeV to 50 MeV 
(ICRU, 1972, 1979). The depth of the 807; isodose area 
is about. E/30 mm in the case of irradiation with an 
electron beam of energy E MeV. 

In order to investigate the actual radiological effect 
on living cells, we employed chromosome aberration 
analysis as a biological dosemeter and compared it with 
an ionisation chamber. The depth doses measured by 
the chamber were converted to the estimated 
chromosome aberration frequencies by substituting the 
doee at each depth in Equation (1) and the observed 
chromosome aberration frequencies were higher than 
the estimated values at a depth of 31 mm and deeper 
sites (Fig. 4 and Table I). The statistical evaluation of 
aberration frequencies obtained in the comparative 
experiment at 17 mm and 31 mm depth areas revealed 
some differences with and without statistical signifi- 
cance, although all cases showed higher frequencies of 
the order of 10% to 60% at the 31 mm depth area 
(Table II, Experiments (a) and (b)). It may be hard to 
draw the conclusion from this small investigation that 
the difference between estimated chromosome 
aberration frequencies based upon physically measured 
absorbed doses and observed ones at various depths 
was due to an increased biological effect or RBE 
(Leskowitz et al, 1960; Schmid et al, 1974), although a 
slight difference was disclosed in chromosome 
aberration yields and their slopes between the two 
dose-effect curves obtained at 17mm and 31mm 
depths from Equations (2) and (3). The effect of a dose- 
dependent selection mechanism, for example, division 
delay and/or interphase death (Sharpe, 1969; Lloyd et 
al, 1977), may give rise to some distortion in the dose— 
effect relationship of chromosome aberration fre- 
quencies. Furthermore, the inadequacy of physical 
dosimetry using an lonex 0.6ml chamber for this 
electron beam cannot be excluded. 

The dose distribution of the high-energy electron 
beam is easily influenced by the presence of material 
inhomogeneous in electron density and atomic number 
in the irradiated tissue. In electron beam therapy, bony 
tissue and air in organs are reported to give rise to the 
distortion of dose distribution curves (Laughlin et al, 
1965; Almond et al, 1967; Khan et al, 1978; Hogstrom 
et al, 1981; Prasad et al, 1984). In the present study 
with contrast medium, we could find the enhancement 
phenomenon in the irradiation with 3 Gy at 17 mm, but 
not at deeper sites, especially not at 31 mm (Table III). 
The dose-effect curve seemed to be shifted towards 
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the left to a slight degree. The interaction between 
electron particles and iodine atoms from the contrast 
medium at various levels of energy is to be investigated 
further in order to obtain more precise knowledge 
concerning this problem. 

In electron beam therapy, the level of energy of 14 
MeV is recognised as making a smooth shoulder in the 
dose distribution curve as far as about 40 mm in depth 
without much build-up. On the other hand, our 
chromosome aberration analysis showed a difference in 
yields in the lymphocytes irradiated at depths of 
17 mm and 31 mm. These results may suggest a higher 
radiation effect at slightly deeper sites in the tissue than 
those so far considered. The dose distribution curve is 
usually obtained by a physical method and applied 
directly to the technique of radiotherapy. However, the 
biological method directly using human living cells can 
check the actual effects of radiation. Among biological 
dosemeters (ICRU, 1979), chromosome analysis is said 
to be the best for its simplicity and accuracy, and it will 
be of great value in making a dose distribution curve in 
radiotherapy, especially using other particle radiation. 
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Thermological Methods. Ed. by J.-M Engel, U. Flesch and G. 
Stuttgen, pp. 326, 1985 (VCH Verlagsgeseilschaft, Weinheim, 
FRG), DM 136. 
ISBN 3-527-15168—0 (FRG) 

0—-89573—410—9 (USA) 
This book, by a number of distünguuhed European con- 
tributors, describes the scientific principles and practical 
methods of thermology (defined as the study of the nature and 
effects of thermal energy). 

The opening chapters deal with the basic physiological and 
physical aspects of skin temperature and methods of 
measurement. Liquid crystal thermography is well covered, but 
it has limited. value cven when, through experience, an 
"intuitive skill" has improved interpretation On quantitative 
mfra-red thermography it is claimed that the physical 
principles of instrument design augmented by microprocessing 
would open new perspectives if such powerful microprocessor 
technology becomes affordable in terms of cost-effectiveness. 
The THERMOTON system and the modified BOFORS unit 
are clearly of value to the rheumatologist. Also, the exquisitely 
fine detail of the high-performance SPRITE infra-red detector 
18 very impressive but, again, the possibility of future clinical 
development is overshadowed by the cost of hardware. 

The physical laws of microwave thermography and the 
mxrowave properties of body tissue are well illustrated, but 
the varied dielectric constants of heterogeneous body tissues 
comphcate the achievement of accurate radiometry. Similar 
problems occupy the oncologist using hyperthermia in tumour 
treatment, and it 1s disappomting to discover that ultrasound 
thermometry of the deep tissues, correlating temperature 
changes with changes m sound absorption or velocity, is 
unlikely to provide the much-needed information sought by 
users of hyperthermia. 

In the section on thermological measurement in clinical 
practice the classical Strasburg qualitative and quantitative 
evaluation of breast thermograms 1s followed by the protocol 
for a new interpretative scoring system. A single page describes 
intraoperative myocardial thermography, which could prove to 
be a most invaluable clinical application as the demonstration 
of differential cooling of the myocardium during cardioplegia 
is of immense importance to cardiologists. 

It ıs not easy to summarise this well produced, accurately 
translated, multiauthor volume. Inevitably there is some 
overlap and duplication of physical data and methods of 


patent preperation. It fulfils its intention “to survey the 
scientific fundamentals and methods of thermology". Apart 
from medical physxusts and rheumatologists, the contents 
will havé lutited appeal" Diagnostic radiologists will not be 
distracted from their preoccupation with CT, MRI, etc. Some 
of us will await the clinical yreld from the newer, ingeniously 
designed, but costly, thermology, but the disenchantment of 
our early experience with thermography leaves reservatons 
which will not readily be overcome. 

D. K. L. DAVIES 


Consensus Development Conference on Lonb-sparing Treatment 
of Adult Soft Tisswe Sarcomas and Osteosarcomas Cancer 
Treatment Symposia, Vol. 3. Ed. by R. E. Wittes, pp. 168, 
1985 (US Department of Health), $8.15 (foreign). 

Stock No. 017-042-00185—4 

This report ıs one of a regular senes of “Consensus 
Development" conferences which are held under the auspices of 
the National Institutes of Health in the USA. Various groups 
are mvited to present data on topics pertinent to the subject 
and their contributions published along with an independent 
analysis of the data to arrive at the “consensus”, i.e. what the 
average doctor should do. 

In this case the topics were to do with limb-sparing 
treatment in sarcoma. Tho subjects covered include staging, 
indications for limb-sparing surgery, optional surgical treat- 
ment, need for radiation and chemotherapy, long-term 
functonal results of conservative surgery and further 
directions for research. 

In the mam, conclusions seem reasonably sensible and some 
of the papers are very good The basis of staging systems for 
soft-tissue and bone sarcomas is discussed by Suit et al, who 
recommend the use of three histological grades for soft-bone 
sarcoma. The roles of radiotherapy and chemotherapy are 
described in several papers In osteosarcoma the contributions 
are rather pedestrian and very parochial. Many potential 
contributors with great knowledge and experience were not 
present and the data presented, although of interest, do not 
present a well rounded picture. 

Nevertheless, tbe volume 1s worthwhile and a useful addition 
to & departmental library 

R L SouHAMI 
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ABSTRACT 

A digital imaging system has been constructed to obtain the 
treatment portal image of a patient during external beam 
radiotherapy, A DEC LSI-11/23 microcomputer controls a 
stepper motor, which moves a linear array of 256 silicon diodes 
to scan the radiation transmitted through the patient. The 
computer also processes the collected data to generate an 
image for displaying on a video monitor. The quality of the 
digital image is comparable to that of the conventional 
verification radiographs. Major advantages of the system 
include the speed and simplicity in data storage and retrieval 
and in tts capability of direct comparison with simulation 
radiographs. 


In external beam radiotherapy, the aim is to deliver a 
prescribed dose of radiation to the tumour while trying 
to minimise the radiation given to normal tissues, 
especially to vital organs. Prior to treatment, the patient 
is set up under an X-ray simulator to determine the 
target area to be irradiated and a simulation radiograph 
is taken. Shielding blocks to protect vital organs are 
made according to the region of interest delineated on 
the radiograph by the physician. To check the set-up, a 
portal radiograph is taken with a short burst of 
radiation and compared with the simulation radio- 
graph, This procedure is carried out prior to the first 
treatment and thereafter only once a week (see, for 
example, Byhardt et al, 1978). For complex fields, 
verification radiographs which record the exit dose 
during an entire treatment have also been used. 
However, because X-ray films are costly and their 
processing is time-consuming, radiography has not been 
used as a routine procedure during every treatment. 
Nevertheless, even occasional localisation and verifica- 
tion radiographs have helped to identify and correct 
field placement errors (Marks et al, 1974, 1976). 

Some studies have been carried out to monitor 
patient movement during radiotherapy (Kelsey et al, 
1972; Norwood & Stubbs, 1984). However, because the 
monitoring procedure itself could make the patient 
conscious of the movement, unbiased results were 
probably difficult to obtain (Kelsey et al, 1972). 

This paper describes a digital imaging system which 
records the treatment portal of the patient for the entire 
duration of the irradiation of a fixed field. The system 
consists of a DEC LSI-11/23 computer which controls 
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the movement of a linear array of diode detectors to 
scan the radiation passing through the patient. The 
signals from the detectors are processed to produce an 
image which appears on a video monitor during the 
irradiation. The collected digital data are stored on a 
floppy disk for analysis at a later time. The image 
quality of the system is illustrated with results from 
phantom measurements and examples from a patient 
study. 


THE ELECTRONIC PORTAL IMAGING SYSTEM 

Hardware configuration 

A block diagram of the electronic portal imaging 
system is shown in Fig. 1. It is under the programmed 
control of a DEC LSI-11/23 microcomputer which has 
a memory of 128K words and two floppy disk drives 
for program and data storage. The computer co- 
ordinates the data collection and the scanning of the 
radiation transmitted through the patient. The design is 
based on the technique of using a diode array to scan a 
radiation field (Taborsky et al, 1982); this study showed 
that silicon diodes have a sufficiently good signal-to- 
noise ratio to delineate bony landmarks. The present 
system consists of a linear array of 256 silicon diodes 
which are mounted on a ngid frame that is carried by 
two guide-rails. The frame is positioned by a timing belt 
and grooved pulley system driven by a stepper motor. 
The centre-to-centre separation between adjacent diodes 
is 2 mm. To obtain the maximum output signal for a 
given amount of radiation, a layer of lead is placed on 
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Fic. I. 
Block diagram of the electronic portal imaging system. 
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Fra. 2. 
Schematic diagram of the signal processing circuitry. 


top of the diodes for electronic build-up. For a 4 MV 
accelerator, the thickness of lead is 1.1 mm. 

A schematic diagram of the processing 
circuitry is shown in Fig. 2. The cathodes of all diodes 
are connected to a common ground. The anode of each 
diode is connected to a charge amplifier having an 
integration time constant of 10 us. The output voltage 
is proportional to the charge generated at the diode by 
the impinging X rays. Each diode together with its 
amplifier forms a channel. The output of the integrator 
goes through a sample-and-hold unit (S+H) to a 
multiplexer (MUX). The diode of the first channel of 
the detector array is detachable and tt is mounted near 
the collimators of the accelerator to monitor the X-ray 
beam intensity. When the detected signal is above the 
threshold set by the discruninator (DISC) of this 
channel, a single signal is sent to all sample-and-hold 
units to start sampling the outputs of the integrators 
and to a clock generator to trigger the generation of 256 
clock pulses. The use of sample-and-hold units ensures 
that signals detected in all diodes are sampled 
simultaneously and held at the peak voltages. The 256 
clock pulses provide tbe switching signals for the 
multiplexer and also the external triggers for the 
analog-to-digital converter (ADC). Analog signals 
from the amplifiers are multiplexed and then digitised 
by the ADC (Data Translation Model DT2782). The 
ADC has a 12-bit resolution and is run in a direct 
memory access (DMA) burst mode with a data 
acquisition rate of 100 kHz using external trigger. The 
digitised output is fed to the computer which also does 
the processing of the collected data. The ADC is Q- 
BUS compatible and plugs directly into the LSI-11 
backplane. 

To scan the radiation field, the diode array is moved 
by the stepper motor. An open-loop control system is 
implemented with the computer sending the required 
number of pulses through a pulse output controller 


(ADAC Corporation Model 1604/POC) to the motor. 
The controller interfaces directly with the LSI-11 
computer and is configured to have a pulse width of 
2 ms and a pulse period of 4 ms. The step size between 
measurements is 2 mm, and each measurement with the 
256 diodes forms a scan line. The number of scan lines 
and the starting position of the diode array depend on 
the length of the field used for the treatment. The 
maximum field length that can be covered is 44.8 cm in 
the scan plane, and this corresponds to 224 scan linee. 
The maximum field width is 51 cm which is the total 
width of the linear array of 255 diodes. 

In a typical external beam radiation therapy 
treatment, the accelerator is run at a pulse repetition 
rate of about 200 pulses/s, with each pulse having a 
4.5 us duration. When tbe beam is turned on, the first 
X-ray pulse detected by the monitor diode mounted on 
the accelerator gantry starts the scanning, process. 

For on-line display on the video monitor, two 
graphics controller boards QRGB-GRAPH and a 
graphics support board QVAF-512 by Matrox Electronic 
Systems are used. The two QRGB-GRAPH boards, 
arranged in a master-slave configuration, and the 
QVAF-512 board are strapped to provide a 512 pixels 
by 512 pixels by 8 bits system, giving 256 levels of grey 
for each pixel. For displaying on tbe monitor, the signal 
at each diode position can be mapped to a single pixel 
or zoomed by a factor of two. 


Computer software 

The LSI-11/23 computer is run under the RT-11 
operating system. For ease of programming and 
program maintenance, a high-level language such as 
FORTRAN should be used. However, because of the 
speed required in realtime application and of the 
software compatibility with the hardware supplied by a 
third party, it is necessary to code part of the program 
in assembly language (MACRO-11). 

The LSI-11 is a 16-bit computer and its basic 
architecture provides only 16-bit addressing. It can only 
directly address 64K. bytes or 32K. words. However, the 
image array itself takes about 64K words. Through the 
use of a memory management unit, it can access larger 
arrays. Since the data acquisition is carried out in real 
time, MACRO-11 is used to address the image array for 
processing speed. Through its extended memory 
monitor, RT-11 provides a mechanism to associate a 
virtual address with a physical address by mapping 
virtual addresses to physical memory locations. In order 
to put a large array into the extended memory, a region 
large enough to store the array and a virtual address 
window of a size that the program can afford are 
created. The virtual addresses are associated with 
physical memory locations by mapping the windows to 
the regions. 

The program for interfacing the ADC to the 
computer also requires the use of MACRO-11. A 
double buffering technique is used to process the 
incoming data: while 256 words of digitised signals are 
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going into one buffer under DMA, the data in the other 
buffer are summed with the corresponding data in the 
image memory and written back into the image 
memory. The number of summations depends on the 
number of pulses accumulated in each channel. After 
receiving the data of a pre-set number of pulses, the 
computer sends out a signal in the form of a series of 
pulses to the stepper motor to move the diode array by 
a distance of 2 mm perpendicular to the X-ray beam 
and then takes another set of data from the ADC. 

After the scanning has been completed, the signal 
level of each diode is corrected for the detection 
efficiency and the background noise. The signals of all 
the diodes in each scan line are in turn corrected for 
intensity fluctuations of the X-ray beam as detected by 
the monitor diode. The collected data are scaled to 256 
levels of grey, video-reversed so that the image appears 
like that obtained on a radiographic film, and displayed 
on the video monitor with 256 pixels by 256 pixels by 8 
bits. A histogram of the pixel values of the entire data is 
then taken and plotted below the image. By using the 
information of the histogram, the operator has the 
option of performing a simple contrast enhancement on 
the image by rescaling the brightness. A window of 
pixel values is selected according to the shape of the 
histogram for the region of interest. This window is 
again mapped linearly to 256 levels of grey. The image 
is then zoomed by a factor of two and redisplayed on 
the monitor. 


Operation 

The diode array, together with its drive mechanism, is 
mounted perpendicular to the X-ray beam. The object 
to be imaged is placed between the array and the X-ray 
source. In a typical measurement with a 100 cm 
isocentric machine, the diode array is 150 cm from the 
radiation source so that its spatial resolution in the 
isocentric plane is 1.3 mm. 

Prior to switching on the beam, the program is run 
and the operator enters the information prompted by 
the program. Based on the information entered, the 
computer moves the diode array to a position just 
outside the radiation field. The X-ray beam is then 
turned on and the first beam pulse detected by the 
monitor diode will start the scanning and data 
acquisition processes. At the end of the scan, the data 
will be processed by the computer and the image 
detected by the diode array will appear on the video 
monitor. The image array is also stored on a floppy disk 
which can be viewed at a later date when the patient's 
case 1s being reviewed. 

To correct for the long-term drift of the electronics, 
at the beginning of the day the efficiencies of the 
individual diodes are determined and the background 
noise level of each individual channel is recorded. The 
calibration of the diodes is done using a wide open field 
without any object in the X-ray beam path by giving 
1000 pulses with the beam axis centred on the diode 
array. The collected data are then stored on the floppy 


disk for use in the gain normalisation of the diodes 
during the actual measurement. The background noise 
is obtained with the X-ray beam turned off, and an 
external pulser is used to trigger the clock generator and 
the sample-and-hold units. 


MEASUREMENTS WITH THE IMAGING SYSTEM 
Phantom experiments 

The Varian Clinac 4/100 was used as the X-ray 
source. For the present measurements, the diode array 
and the moving mechanism were mounted on a cart 
which was placed under the treatment couch. To study 
the resolution of the imaging system, a series of 
measurements Was carried out with a 
25 cm x 25 em x 7 cm polystyrene phantom having a 
horizontal cylindrical cavity of 1.5 cm in diameter and 
14 cm in length. One-centimetre-diameter polystyrene 
disks with thicknesses of 1.5 mm, 3.0 mm, 4.5 mm, 
6.0 mm and 7.5 mm were placed on the phantom. The 
thinnest disk was put at the lower right-hand side and 
disks of increasing thickness were arranged in a 
counter-clockwise pattern. Five 1.5 mm-thick disks 
were also placed at and around the centre of the 
phantom. The phantom, together with the polystyrene 
disks on top, was placed in the beam 100 cm from the 
X-ray source and the field was scanned in the manner 
described above. Images were generated with doses of 
0.07 cGy, 0.13 cGy, 0.2 cGy, 0.27 cGy, 0.33 cGy, 
0.4 cGy, 0.47 cGy and 0.53 cGy which corresponded 
respectively to 4, 8, 12, 16, 20, 24, 28 and 32 pulses of 
the X-ray beam. Each pixel in the image represented an 
area of 1.3mmx1.3mm of the phantom. For the 
calculation of the attenuation of the beam, the effective 
energy of the X rays having a filtered bremsstrahlung 
spectrum of a 4 MV machine was assumed to be 
1.5 MeV (White Grodstein, 1957). Using the 
mass-energy attenuation coefficient of 0.0557 cm?/g for 
polystyrene at 1.5 MeV (Evans, 1968), the percentage 
contrast ratios of the disks of the five thicknesses were 
calculated to be 0.8%, 1.6%, 2.4%, 3.2% and 4.094. 

A humanoid phantom was used in the second 
measurement. The phantom consisted of a human 
skeleton and tissue-equivalent material. The skull, the 
neck and the upper thorax were imaged with an 
accumulation of 16 beam pulses. To see finer details of 
the bony skull, the phantom was moved to 80 cm from 
the X-ray source, giving a spatial resolution of 
i mm x | mm per pixel. 


Patient study 

The purpose of using the on-line portal imaging 
system is to detect errors that occur in an external beam 
irradiation of patients. Errors that can be detected by 
the system include focused blocks that were cut and/or 
mounted improperly, field sizes and collimator angles 
that were set incorrectly, portal displacement with 
respect to anatomic sites, and patient movement after 
being set up for treatment. These errors can be 
determined by comparing the digital image obtained for 
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the duration of the treatment with the image of the 
simulation radiograph. 

An initial testing of the imaging system with patients 
under treatment was carried out. For this initial test, 
only cases where the beam was directed vertically 
downwards were studied. The procedure for operating 
the system was as described above. The collected data 
were stored on floppy disks for detailed study. To 
determine the field placement errors, a direct 
comparison was made between the digital image and 
the simulation radiograph. This direct comparison was 
facilitated by using a graphics system consisting of a 
DEC VAX-11/730 computer interfaced to a Raster 
Technologies Model One/25 graphics display terminal 
and a Summagraphics Corporation Supergrid XY- 
digitiser. 

The computer was run under the VAX/VMS 
operating system. The floppy disks containing the image 
data were written in the RT-11 format. The file transfer 
utility (FLX) program was used to convert the data 
to the Files-11 format for the VAX-11. By making use 
of the graphics capabilities of the Model One, the image 
obtained by the electronic portal imaging system was 
displayed on the video monitor. A program was written 
using the system services software of the VAX-11 to 
interface the digitiser to the computer. The portal and 
some distinct anatomic structures in the simulation 
radiograph were digitised and drawn as outlines which 
were superimposed on the portal image. The interactive 
graphics allowed the outlines to be magnified, shifted 
and rotated in the display. From the extent of the 
mismatch, the magnitude of the errors in the patient 
set-up. in the mounting of the shielding blocks and in 
the settings of the field size and the collimator angle 
could be determined. 


RESULTS AND DISCUSSION 

Figures 3-6 show examples of the images obtained by 
the system. The video images displayed on the monitor 
have a better quality than those shown here in the 
photographic reproduction. These figures were selected 
from three or four pictures taken with different speeds 
and apertures of the camera. 

Samples of polystyrene phantom images are shown in 
Fig. 3. The eight-pulse image is at the upper left-hand 
corner, the 24-pulse image at the upper right-hand 
corner, and the 16-pulse image at the lower right-hand 
corner. The two areas with a darker shape on each 
photograph were due to the non-uniformity of the 
radiation field at the maximum build-up depth used in 
the gain calibration of the silicon diodes. The non- 
uniformity is an inherent beam characteristic of the 
Clinac 4, which has “intensity horns" of about 10% at 
this depth (Hansen et al, 1972). Since the calibration 
was done in the middle of the field with the orientation 
the same as that of the cylindrical cavity. the two dark 
spots were symmetrical about this midline. They can be 
removed by filtering. An image receiving 16 pulses with 
a filtering of 13 pixels by 13 pixels is shown at the lower 
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Images of the test phantom. The eight-pulse image is shown at 

the upper left, the 24-pulse image at the upper right, the 16- 

pulse image at the lower right, and the 16-pulse image with a 
13 pixels by 13 pixels low-pass filter at the lower left. 


left-hand corner in Fig. 3. Although the dark spots were 
eliminated, some edge enhancement and contrast 
degradation occurred in the filtering process. Because of 
the contrast degradation in the image, the filtering 
procedure was not incorporated into the system. 

As can be seen in Fig. 3, the resolution is 
improved with the increasing number of beam pulses 
accumulated. Increasing the statistics by accumulating 
more pulses also reduces the “graininess” of the image. 
The image with eight pulses shows a rather coarse- 
grained appearance, whereas in the image with 24 
pulses the variation appears more gradual. The grainy 
appearance in these images was due to the fact that a 
very small window of pixel values was used to rescale 
the brightness to 256 levels of grev. The 0.8% contrast 
disks at the centre are distinctly visible in the 16- and 
24-pulse images but only at the edge of discernibility in 
the eight-pulse image. The 0.8% contrast disk at the 
lower right is hardly distinguishable from the back- 
ground, probably due to some deterioration of contrast 
resolution off the central position where the diodes were 
calibrated. The background grid pattern in the images 
was due to the supporting structure made of tennis 
racket nylon strings. 

The phantom study shows that increasing the 
statistics improves the contrast resolution of the image. 
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FIG 4 


Humanoid phantom image receiving 16 pulses of X rays. 


The statistics only increase with the square root of the 
number of X-ray pulses. However, because the 
maxımum time available for scanning is limited by the 


time actually taken in the treatment, the number of 


pulses used in the measurement has to be kept to the 
minimum that gives a reasonable resolution. With 16 
pulses, there is ample time to scan a normal treatment 
which requires about 5000 beam bursts. 

The image of the humanoid phantom is shown in 
Fig. 4. In this case a much wider window of pixel values 
was used to set the grey scale and the graininess has 
disappeared. In addition, the non-uniformity in the 


calibration has a less pronounced effect. Fine details of 


the bony structure are clearly visible. By changing the 
video display window, details of the lower jaw and neck 
can also be seen. 

No matter how complex is the patient set-up. when 
the digitised outlines from the simulation radiograph 
are superimposed on the digital portal image, the 
displacement of the outline from its corresponding 
image can be easily determined. When the patient was 
accurately set up, this would be shown as an exact match 
in the overlaid display. Figure 5 shows an example when 
the set-up was not done according to the prescription. 
In addition to shielding blocks, a transmission block 
(upper central region in the portal) was used to reduce 
the radiation given to the spinal cord. This picture 
shows that the transmission block was mounted 
incorrectly. 

Figure 6 shows another picture of digitised outlines 
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A portal image of the thoracic region of a patient 


of the shielding blocks and bony landmarks super- 
imposed on the patient's portal image. This port 
includes the lower spine and part of the pelvis. The 
upper part of the port appears to be brighter than 
usual, because the radiation had to pass through the 
thick support of the treatment couch. Portal alignment 
was good except for a slight displacement of a small 
protrusion at the level of the second vertebral body of 
the lumbar spine. With the digitised outlines super- 
imposed on the digital image, the displacement shows 
up distinctly. This direct comparison makes error 
detection easy. Such an error would be very difficult to 
detect if the operators were comparing two radiographs 
side by side. The error can be corrected by recutting the 
shielding blocks. 

The use of an imaging system to monitor the 
treatment portal provides a means of detecting errors 
and, hence, correcting them before the treatment 
progresses. It will be valuable to develop a real-time 
monitor system which can detect errors at the beginning 
of and during an irradiation, so that corrective action 
may be taken before further irradiation proceeds. 

At present the imaging system has been implemented 
by using the LSI-1] computer. For the study of 
localisation errors the outline digitising was done on the 
VAX-1] computer, which normally performs other 
functions such as treatment planning. The required data 
transfer for the error analysis was carried out by using 
floppy disks. This data communication can be improved 
by using a direct link, such as a local area network. For 
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FIG. 6 


An image of a treatment portal which includes the spine and 
part of the pelvis 


a small radiotherapy department, however, all the 
components can be packaged in one computer. 

As a further improvement to the system, a video 
digitising system can be used to obtain outlines from 
the simulation radiograph. By using edge-enhancement 
techniques and background subtraction, the outlines of 
anatomic sites and shielding blocks can be generated 
automatically. The information may then be stored on 
the magnetic disk to be recalled for comparison with 
the digital image for error detection. By using a multi- 
user computer, the design can support multiple portal 
imaging systems for all the therapy machines of the 
department and provide a central station for reviewing. 
With two monitors at the central station—one for the 
simulation radiograph image and another for the 
digitised outlines of the simulation radiograph super- 
imposed on the digital portal image—the system will 
allow both direct and side-by-side comparison, 


CONCLUSION 
An on-line electronic portal imaging system has been 
developed. The image quality obtained with this system 





compares well with the best conventional verification 
radiographs. In contrast to verification radiographs, 
digital data can be manipulated directly by using digital 
image enhancement techniques to give the optimum 
image. In addition, the "brightness" and "contrast" 
controls of the monitor can be adjusted to highlight 
details in the region of interest. Furthermore, direct 
comparison by superimposing digitised outlines from 
the simulation radiograph on the portal image is far 
superior to comparing two radiographs of different 
contrasts and magnifications side by side. 

The advantages of this on-line imaging system are 
many. The display on the video monitor will reveal the 
error in the patient set-up and make the machine 
operators more conscious in this procedure. To those 
who review the treatment, this will allow them to take 
the corrective action when it is needed. Besides, the 
system keeps a record of all the portals of the 
treatments that the patient has been given. Digital 
image data can be stored on a magnetic disk. Data 
retrieval is fast and simple. For archiving, data can be 
transferred from disks to other mass storage media such 
as magnetic tapes. 

Attempts have been made to digitise the verification 
radiograph (Leong, 1984; Meertens, 1985). However, 
because of the extra cost of the X-ray films, this indirect 
procedure is not as cost-effective as the system 
presented here. 

All these features make on-line portal imaging for 
external beam radiotherapy far superior to the 
conventional verification radiographing procedure. The 
use of such a system to monitor the treatment portals of 
patients routinely will help towards improvement in 
technical precision in the delivery of external beam 
radiation therapy. 


ACKNOWLEDGMENTS 
This investigation was supported by PHS Grant No. 
CA35237, awarded by the National Cancer Institute, DHHS, 
USA. 


REFERENCES 

BYHARDT, R. W., Cox, J. D., HoRNBURG, A. & LIERMANN, G., 
1978. Weekly localization films and detection of field 
placement errors. International Journal of Radiation 
Oncology, Biology, Physics, 4, 881—887. 

Evans, R. D., 1958. X-ray and y-ray interactions. In Radiation 
Dosimetry. Ed. by F. H. Attix & W. C. Roesch (Academic 
Press, New York), Vol. I, p. 121 

HANSEN, H. H., CouNoR, W. G., DOPPKE, K. & BOONE, 
M. M. L., 1972. A new field flattening filter for the Clinac 4. 
Radiology, 103. 443—446 

KELSEY, C. A., Lang, R. G. & CONNER, 
Measurement of patient movement 
therapy. Radiology, 103, 697-698. 

LEONG, J., 1984. A digital image processing system for high 
energy x-ray portal images. Physics in Medicine and Biology, 
29, 1527-1538 

Marks, J. E., Haus, A. G., Sutton, H. G. & Griem, M. L., 
1974. Localization error in the radiotherapy of Hodgkin's 


W.G., 1972. 
during radiation 


1012 


OCTOBER 1986 
On-line electronic portal imaging system for radiotherapy 


disease and malignant lymphoma with extended mantle during radiotherapy. British Journal of Radiology, 57, 


fields. Cancer, 34, 83-90. 155-158. 

~~ 1976. The value of frequent treatment verification films in TABORSKY, S. C., LAM, W. C., STERNER, R. E. & SKARDA, 
reducing localization error in the irradiation of complex G. M., 1982. Digital imaging for radiation therapy 
fields. Cancer, 37, 2755-2761. verification. Optical Engineering, 21, 888—893. 

MEERTENS, H., 1985. Digital processing of high energy photon Warre GRODSTEIN, G., 1957. X-ray Attenuation Coefficients 
beam images. Medical Physics, 12, 111-113. from 10 keV to 100 MeV. US National Bureau of Standards 

Norwoop, H. M. & Stuprs, B., 1984. Patient movements Circular No. 583. 


1013 


VoL. 59, No. 706 


Book reviews 


Information Processmg in Medical Imaging. By S. L. 
Bacharach, pp. 555, 1986 (Martinus Nijhoff, Dordrecht, The 
Netherlands), £65.25 
ISBN 0-89838—787—6 
This is a collection of 38 papers presented to the biennal 
conference on Information Processing in Medical Imaging, 
held in June 1985 in Washington DC. The Conference w a 
brave and, apparently, successful attempt to bring together 
scenüsts working in different areas of application to explore 
common ground in techniques of processing and analysis. 
Sixteen contributions cover applications in nuclear medicine, six 
in X radiology, four in magnetic resonance imaging and four 
in other specific medical imaging modalities. Eight papers are 
on aspects of image processing, theory or display independent 
of physical technique. 

The book begins with impressive general papers on 
morphology, shape analysis and human visual signal detection 
theory Several papers deal with the increasingly sophisticated 
techniques of pattern recogmtion and the automatic 
description and analysis of images Multiresolution segmenta- 
‘tion procedures recerve significant attention with a principal 
aim being to achieve tissue characterisation from i 
resonance images. Other papers deal with the development of 
expert systems and databases, mmulation and modelling of 
imaging processes, computer languages, tomographic 
reconstruction, factor analysis for dynamic studies, Fourier 
analyms, correlation and combination of images and data 
compression techniques A few contnbutions deal with 1 
novel instrumentation: ionography, ophthalmological photo- 
graphy, infra-red tssue transilluminaton and electrical 
impedance mapping. 

There is no classification of the contents, no subject index 
and no author index Although described as a "Conference 
Proceedings", there is no record of discussions. While the 
subject matter is certainly diverse, there is no suggestion that it 
should be considered comprehensive or balanced. The book's 


sole purpose 1s to publish 38 papers and it will be used as a 
source of reference like any scientific journal. 
R A SHIELDS 


Principles of Nuclear Radiation Detection. By G. G. Eichholz 
and J. W. Poston, pp. xix+379, 1985 (Lewis, Publishers Inc., 
Michigan), £36.76 (hardback). 
And the accompanying Laboratory Manwal. pp. 
viii + 171 -F appendix, £15 60 (paperback). 

ISBN 01-87371-062-2 

The authors have capitalised on their extensive experience of 
radiation detection techniques by producing a comprehensive 
textbook which admirably hnks phymcs theory with tech- 
nological practice. In the 15 years since the last general 
textbooks were published (and to which the authors refer) 
there have been many significant developments, the inclusion 
of which, albeit to a varying degree, has brought the subject up 
to date. Whereas there 1s extensive coverage of modern 
semiconductor detectors, the treatment of the medial 
scintillation camera is almost archa and the references to 
recent literature are scant. 

This book is primarily for the student, probably at M.Sc. 
level The design is logical (a chapter for each class of 
detector), the style is clear, and each chapter concludes with a 
useful collection of questions for the reader The book is well 
illustrated, but m the reviewer’s copy the quality of printing of 
some of the diagrams 1s not good. 

The Laboratory Manual 1s a companion volume which 
reproduces introductory notes, procedures and discussion 
topics on some 34 practical experiments. The design follows 
the same logical sequence as the main textbook and it is amply 
cross-referenced. Here is a ready-made practical course in 
nuclear radiation detection which should be of conmderable 
value to both student and teacher. Both volumes are highly 
recommended 

R. A. SHELDS 
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ABSTRACT 

Bromodeoxyuridine (BrdU) incorporation and flow cytometry 
have been used to measure the kinetics of V79 cells growing at 
different temperatures im vitro and cells of the murine Sa F 
tumour growing m vrro. By simultaneously measuring total 
DNA content and BrdU incorporation in individual cells at 
different times after pulse labelling with BrdU, it is a simple 
procedure to quantify the movement of cells through the cell 
cycle. The method has the advantage of speed (2 x 10* or more 
cells are analysed within a day or so of the experiment) and the 
alulity to analyse the results m different ways. A G2 block in 
tumour cell progression m viro is readily detected after a dose 
as low as 2 Gy. The neutron relative biological effectiveness for 
this G2 block ıs probebly larger than that for tumour growth 
delay 


Measurements of tumour cell kinetics have in the past 
rehed on autoradiographic methods to detect the 
uptake of radioactive precursors into the DNA of 
actively proliferating cells. The "per cent labelled 
mitoses" curve measuring the movement of cells 
labelled with tritiated thymidine through mitosis has 
been used extensively to estimate the phases of the cell 
cycle (see Cleaver (1967) and Steel (1977) for extensive 
reviews). Such autoradiographic techniques can be 
extremely laborious and time-consuming and can lack 
precision and resolution when applied to perturbed 
populations, or those in which the mitotic index 13 low 
and only quite a small fraction of the cells are dividing. 

As a consequence of the limitations of the autoradio- 
graphic techniques, attempts to use cell population 
kinetic information as an aid in cancer therapy have 
been somewhat disappointing. Doubts have been 
expressed as to whether experimental laboratory studies 
can ever be of use as a guide to the application of 
chemotherapy to human cancer, in spite of the 
importance of cell kinetics in determining chemothera- 
peutic response (Hall, 1971). Others have taken a more 
optimistic view, although clearly recognising the 
limitations of the autoradiographic techniques (e.g. van 
Putten, 1974). In relation to the radiation response of 
tumours, cell kinetics has been thought of as even less 
important. However, interest in accelerated fractiona- 
tion in which the overall treatment time is shortened to 
3 weeks or leas, as a method to increase the therapeutic 
gain, has emphasised the need to measure kinetic 
parameters in human tumours, in particular the 
potential doubling time (Steel, 1977). Tumours with a 


short potential doubling time of 5 days or less may 
undergo significant repopulation during conventional 
fractionated radiotherapy and would be candidates for 
accelerated fractionation (Thames et al, 1983; Fowler, 
1986). A knowledge of cell kinetics could also be 
important in the clinical application of high linear 
energy transfer (LET) radiation; for instance, 
differences in cell kinetics between rapidly dividing 
tumour cells and slowly dividing cells of the late 
responding, dose limiting normal tissues could léad to a 
"kinetic gain factor" due to differential reassortment 
through the cell cycle, in favour of high LET radiation, 
at least as large as the gain resulting from the reduced 
oxygen enhancement ratio (Withers & Peters, 1980). 

In order to predict which tumours might benefit from 
accelerated fractionation by virtue of a short potential 
doubling time, or from high LET radiation due to a 
significant kinetic gain factor, methods are needed to 
estimate rapidly the kinetic characteristic of individual 
tumours, or those of a given type. Experimental studies 
have been hindered by the lack of suitable rapid 
methods for measuring tumour cell kinetic parameters 
and their perturbation by radiation doses of a few 
grays. Autoradiographic methods have been used to 
measure such changes 1 day after 6 Gy to a solid mouse 
tumour (Szczepanski & Trott, 1975), and 2 days after 
6 5 Gy to an ascites tumour (Frindel et al, 1970), but 
the results were not obtained for several weeks after the 
experiment because of the exposure time for the 
autoradiographs. 

The development of a monoclonal antibody to 
bromodeoxyundine (BrdU) incorporated into DNA 
and of suitable flow cytometric methods to measure this 
incorporation simultaneously with the total DNA 
content (Gratzner, 1982, Dolbeare et al, 1983) provide 
the opportunity to measure cell kinetics rapidly and 
quantitatively on individual tumours. The method may 
be applicable to measurements of some parameters of 
human tumour cell kinetics, since BrdU ıs not 
radioactive and is relatively non-toxic in humans (see, 
for example, Wilson et al, 1985). 

In this paper we present our initial studies on the cell 
kinetics of a transplantable mouse tumour, and their 
perturbation by radiation. We also present some results 
on cells in culture and demonstrate that the BrdU 
technique can detect changes in tumour cell kinetics 
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after quite small doses of radiation and in particular 
can provide the information within a day of treating the 
tumour. 


MATERIALS AND METHODS 

Cultured cells 

V79 379A Chinese hamster fibroblasts were grown in 
spinner culture in minimum essential medium modified 
for suspension culture, plus 7.5% fetal calf serum and 
antibiotics. For the experiments, cells were grown in 
temperature-controlled water baths maintained at either 
37°C or 32°C. Bromodeoxyuridine freshly dissolved in 
medium was added to cultures in logarithmic growth to 
give a final concentration of 10 joa. After 1 h the cells 
were washed twice with pre-warmed medium to remove 
the BrdU and then returned to the water baths at the 
appropriate temperatures. Samples were taken at 
various times thereafter, resuspended in i ml of 
phosphate buffered saline (PBS) and added to 70% 
absolute alcohol to fix the cells before staining for flow 


cytometry. 


Tumours 

The Sa F tumour growing in CBA mice was 
transplanted on to the back of mice and irradiated 
when it had reached a diameter of about 6 cm. The 
methods for transplanting and irradiating have been 
described before (McNally et al, 1979). The tumours 
were irradiated in unanaesthetised mice either with 
250kVp Xrays or with neutrons generated by 
accelerating 4 MV deuterons onto a beryllium target in 
the Gray Laboratory Van de Graaff accelerator, as 
described before (McNally et al, 1982). For kinetic 
studies, mice were injected imtraperitoneally with 
100 mg/kg BrdU in PBS immediately before their 
tumours were irradiated. They were then sacrificed at 
various times after irradiation, the tumours Mk 
excised and single-cell ions were p 
previously described (McNally et al, 1979). The cells 
were then washed and fixed in 70% absolute alcohol at 
a concentration of 1 x 109 per ml. The half-life of BrdU 
in rodent blood is short, so that a single intraperitoneal 
injection results in "pulse labelling” of the tumour cells 
over a period of, at most, about 15 min (Kriss & 
Revesz, 1962). 

Tumour growth delay was measured by constructing 
tumour growth curves for each mouse and measunag 
the time to grow to twice the treatment volume. Six to 
eight mice were used for each dose group, and their 
times to regrow to the appropriate size were a 
and the standard error calculated. The growth delay 
was then calculated as the difference between this time 
and the corresponding time for unirradiated mice. 


Bromodeoxyuridine staining and flow cytometry 

Cells were stained for their BrdU and DNA content 
using a modification of Dolbeare’s method (Dolbeare 
et al, 1983) as described in detail by Wilson et al (1985). 
The cells were then usually left overnight before 


assaying for BrdU and DNA content. Fluorescence was 
determined using an Ortho Systems 50 Cytofluorograph 
and dedicated Ortho 2150 computer. Excitation was at 
488 nm from a 5 W argon-ion laser operating at 
100—200 mW. Fluorescent light was collected at 90° to 
the incident beam. Following passage through a 
dichroic lens to deflect exciting light, green fluorescence 
(BrdU content) was collected between 510 nm and 
560 nm and red (DNA content) between 620 nm and 
740 nm. Data were collected in list mode, gating on the 
red peak versus area signal to exclude doublets. At least 
2 x 10* cells were analysed. 


RESULTS 
V79 cells 

Figure 1 shows bivariate distributions (expressed as 
contour plots) of BrdU content (y axis) versus DNA 
content (x axis) for V79 cells grown at 37°C (left-hand 
column) or 32°C (right-hand column) and sampled at 
various times after BrdU labelling. The population 
doubling time was increased from 10 h at 37°C to about 
36h at 32°C and this is clearly reflected in these 
distributions. 

For cells at 37°C at 1h, Le. unmediately after 
removing the BrdU, the S-phase cells are clearly 
identified by their green fluorescence. The G1 and G2 
population (at about channel numbers 19 and 40) do 
not show significant green fluorescence. (Staining of 
cells that had not been given BrdU gave no green 
fluorescence above channel 10 on the y axis, data not 
shown). By 6 h the majority of the BrdU-labelled cells 
at 37°C had moved out of S, through G2 and into Gl. 
The cells with the S-phase DNA content showed 
minima] green fluorescence. At 9 h none of the G2 cells 
contained BrdU and the bulk of the initially labelled 
population had re-entered the S-phase. Progression 
through the cell cycle was much slower for cells at 32°C 
(right-hand column of Fig. 1). At 9 h only a few of the 
initially BrdU-labelled cells had progressed to Gl, the 
majority of them being in late S and G2. Even by 12ha 
signibcant proportion of them were still in late S and 
G2. The quantification of these differences ıs presented 
in the discussion. 


Tumours 

Sa F tumours were either sham irradiated or 
irradiated with either 2 Gy, 5 Gy or 10 Gy of X rays or 
3 Gy of neutrons immediately after injecting the BrdU. 
The respective times to grow to twice the initial 
diameter (eight times the volume) are shown in Table I; 
10 Gy of X rays gave the same tumour growth delay as 
3 Gy neutrons. 

Figure 2 shows the DNA profile of the Sa F tumour 
together with a bivariate BrdU versus DNA profile for 
a tumour that had not received BrdU. This 
demonstrates that there is virtually no non-specific 
staining using the monoclonal antibody, and that it is 
reasonable to regard fluorescence above channel 15 on 
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TABLE I 


TIME TO GROW TO TWICE TREATMENT DIAMETER 


Dose Time to grow to twice 
treatment diameter 
(days + standard error) 
0 4.7 (3 4-5.6) 
» 
5 Gy X rays 6.4 (5.8—6.8) 
10 Gy X rays 86 (8-92) 
3 Gy neutrons 8.8 (8.2-9.3) 


*The value for tumours exposed to 2 Gy X rays was similar to 


the control value 











Fic. | 
Bivariate contour plots of BrdU content 
(ordinate) versus DNA content 
(abecissae) for V79 cells growing at 37°C 
(left-hand column) or 32°C (right-hand 
column) At least 2x10* cells were 
analysed for each time point in this and 
subsequent bivariate plots. 


the y axis as indicative of BrdU uptake. The DNA 
profile (Fig. 2B) shows that the tumour is tetraploid. 
Bivariate distributions of DNA versus BrdU content 
for control tumours and those irradiated with 5 Gy of 
X rays are shown in Fig. 3. The left-hand column 
shows distributions for unirradiated tumours excised 
1h, 6 h and 10 h after injecting the BrdU. The right- 
hand column shows distributions for irradiated tumours 
excised at 6h, 10 h and 16h. At 1 h, the distributions 
were similar for all groups (irradiated and 
unirradiated). The G1 “normal” cells are seen at about 
channel 15 in all figures. As the 1 h panel shows, few 
diploid S-phase cells have taken up BrdU, Le. were 
undergoing DNA synthesis, implying that this is a 
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(A) Bivariate contour plot of BrdU con- 

tent versus DNA content and (B) DNA 

profile for ceils from a Sa F tumour that 

DHA had not received BrdU (non-specific 
staining). 





eA 
we 
x 
te 
x 
at 
uw 
BT 
a 
a 
z 
E 
pes 
» 
eo 
.* 
e 
_ 
: 


xa & » k 2 x* x f 


Fig 3 


Bivariate contour plots of BrdU content 

(ordinate) versus DNA cntent 

(abecussac) for Sa F tumour cells either 

from unirradiated tumours (left-hand 

column) or tumours exposed to 5 Gy 
X rays (right-hand column). 
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slowly or non-cycling population. In contrast, about 
30% of the cells between channels 20 and 50 (x axis) 
(Le. the tetraploid tumour cells) have significant green 
fluorescence, implying uptake of BrdU. By 6 h, these 
cells in the control tumours bave progressed through 
the S-phase and some have progressed through G2 and 
into Gl. By 10 h the bulk of the initially labelled cells 
has moved from S into Gl, with virtually none of the 
cells in S showing significant green fluorescence since 
they represent cells that were initially in G1 and G2. In 
contrast, after 5 Gy of X rays, cells progressed more 
slowly through the cell cycle. At 6h (right-hand 
column, Fig. 3) few initially labelled cells have moved 
into Gl. At 10 h there are still BrdU-labelled cells in G2 
(contrast with 10 h control) and even at 16 h there are 
cells that were initially in S that have not moved out of 
G2 and into Gl. 
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This radiation-induced G2 block is even more evident 
for tumours irradiated with 10 Gy of X rays or 3 Gy 
neutrons. Bivariate distributions for the cells of these 
tumours are shown in Fig. 4. By 10 h, for instance, few 
BrdU-labelled cells had entered G1 (contrast with the 
unirradiated tumours in Fig. 3 Even at l6h a 
significant fraction of BrdU-labelled cells were still held 
up in the G2 block, particularly after 3 Gy neutrons 
(bottom panel on right-hand side), suggesting that after 
the neutron dose, the G2 block was more extensive than 
after 10 Gy X rays. 


DISCUSSION 
An advantage of the BrdU technique over conven- 
tional autoradiography is that there are different ways 
of analysing the results, using the computer facilities of 
the flow cytometer. We have analysed the movement of 








Fic. 4. 


As for Fig 3 except that the left-hand 

column is for tumours exposed to 10 Gy 

X rays and the right-hand column 1s for 
tumours exposed to 3 Gy neutrons 


VoL. 59, No. 706 


N. J. McNally and G. D. Wilson 


C» wh 

Co 
t 
J 
t 
e 
! 
t 
Jj 
e 

oe ^ 


ep 
C 
O 


c 
nm 

© 
í 
O 





Mean green in mid-S reL to initial value 
c ix : 


0 h 8 12 16 
Time /hours 
Fig. 5 


Mean fluorescence in mid-S (BrdU content) relative to 
the value at 1 h for V79 celis grown at 37°C or 32°C, as a 
function of time after labelling with BrdU. 


cells through the cell cycle in two ways. First, we have 
calculated the mean BrdU content of cells in mid-S as a 
function of time, and, second, we have measured the 
entry of BrdU-labelled cells into Gl. 

Figure 5 shows a plot of the mean green fluorescence 
in mid-S as a function of time, relative to the value at 
l h, for V79 cells growing at 37°C and 32°C. The 
respective population doubling tunes were 10h and 
approximately 36 h. Theoretically, the mean green 
fluorescence in mid-S should stay at its maximum value 
for a period equal to half 7, (the duration of the S- 
phase), then fall and remain low for & period equal to 
the cell cycle time, 7,, minus 7, and then rise again. In 
practice, because of the spread in values of the cell cycle 
parameters in the population, the curve may not be well 
defined. As Fig. 5 shows, the curve for V79 cells 
growing in culture at 37°C is quite well defined. 
Measuring to the midpoint of the maximum and 
minimum values for the green fluorescence, 0.6, T,/2 is 
estimated to be about 3 h, and 7,- 7T, to be about 4.5 h. 
These give a value for T, of 10.5 hb, close to the 
measured population doubling time of 10 h. The curve 
for cells at 32°C is much more spread out. Over the 
16 h period ın which it was measured, ıt is evident that 
T, had lengthened considerably, by a factor of at least 
three, reflecting the greater than threefold increase in 
the population doubling time. 

The curves shown in Fig. 5 are analogous to labelled 
mitoses curves using autoradiography. The cells 
synthesising DNA at a given instant are labelled (cither 
with BrdU or tritiated thymidine), a “window” is set 


(mid-S or mitosis), and the movement of the labelled 
cells through this window is monitored. The advantage 
of the BrdU technique is that there is no delay for 
development of autoradiographs or for scoring in the 
microscope, and large numbers of cells are analysed for 
each datum point (at least 2 x 10*). 

Similar plots of mean green fluorescence in mid-S 
relative to the 1 h value are shown for the tumours in 
Fig. 64. For times greater than 18 h after injecting the 
BrdU, the resulting bivariate distributnon of BrdU 
versus DNA content for irradiated tumours did not 
show clear changes with time. This reflects the 
imprecision of the method at later times due to 
dispersion in cell cycle times, such as ıs seen with 
per cent labelled mitoses (PLM) curves in autoradio- 
graphy. The curve for unirradiated cells fell to a 
minimum of about 40% of the initial value, and gave 
approximate cell cycle parameters T, = 10 b, T, = 21 h. 
For comparison, Figs 68 and 6c show data from PLM 
curves for the same tumour obtained by Begg (1975). 
Figure 68 shows the PLM curve using tritiated 
thymidine and autoradiography for the Sa F tumour 
and Fig. 6c shows the distribution of cell cycle times 
calculated according to the method of Steel et al (1966) 
from the measured PLM curve. Comparing Figs 64 and 
6B, the precision of the BrdU technique is at least as 
good as that of the PLM method. The estimate of T, 
from Fig. 6a, of 21 h, is well within the distribution 
shown in Fig. 6c. 

Apart from the advantages of speed and ease of 
analysis relative to autoradiographic methods, the 
BrdU technique has the added advantage that the data 
can be analysed in different ways depending on the 
information required. In order to try and quantify the 
extent of the G2 block induced by radiation in the Sa F 
tumour, we have measured the entry of BrdU-labelled 
cells into Gl. Such a plot is shown in Fig. 7 in which 
the proportion of BrdU-labelled cells in Gl as a 
fraction of the total population is plotted as a function 
of time. For an unperturbed population this should 
initially be zero if there is no overlap in the DNA 
contents of G1 and S-phase cells (in practice this is not 
the case). It should then start to rise after a time equal 
to Tom $0 that any G2 block should give a delay in 
the time that this parameter increases. As Fig. 7 shows, 
the G2 block is very easily visualised by this plot and is 
measured as the displacement in the rise of the curve for 
treated cells relative to the control curve. Thus 2 Gy of 
X rays gave a G2 block of about 3 h, 5 Gy gave a G2 
block of about 4 h, 10 Gy gave a block of about 8 h 
and 3 Gy neutrons gave a block of at least 12 h. Since 
3 Gy neutrons and 10 Gy X rays gave the same tumour 
growth delay (Table D) this implies that the neutron 
relative biological effectiveness for division delay as 
reflected by the G2 block is much higher than that for 
growth delay which, much more directly, reflects cell 
kill. Figure 7 also shows the sensitivity of the technique. 
The G2 block after 2 Gy is easily measured. 

One of the most detailed studies of post-irradiation 
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(A) Mean green fluorescence in mid-S (BrdU content) relative to initial value for cells from Sa F tumours excised at various times 

after irradiation with 0,2,5,10 Gy X rays or 3 Gy neutrons. Each point is for one tumour The lines were fitted by eye. The zero 

dose values are typical of what has been obtained in two other experiments. (B) Per cent labelled mitoses curves for the Sa F 
tumour (taken from Begg, 1975) (c) Distribution of cell cycle times calculated from the PLM curve (Begg, 1975). 
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Proportion of BrdU labelled cells from Sa F tumours m Gl 

expressed as a fraction of the total population, as a function of 

time after irradiation. Each point is for a single tumour and 

the lines have been fitted by eye. This plot measures the entry 
of initially "pulsed labelled" S-phase cells into G1 


proliferation kinetics in tumours was by Szczepanski 
and Trott (1975) using a mouse adenocarcinoma and 
autoradiography. This was a rapidly growing tumour 
with an exceptionally short cell cycle time of 13.6 h 
(median value). They measured the cell kinetics using 
the PLM technique at various times from 1 day to 8 
days after doses of 6 Gy or 12 Gy. They also measured 
the mitotic and labelling indices. Six gray induced a G2 
block such that 12h after irradiation over 80% of 
proliferating cells had accumulated in G2. This 
contrasts with our results which show that cells that had 
been labelled with BrdU immediately before irradiation 
had entered Gl by 8h to 10h after 5 Gy. This 
difference probably reflects the differing kinetic 
characteristics of the two tumours. Frindel et al (1970) 
measured the cell kinetics of the NTC 2472 ascites 
tumour in mice 20 h and 2 days after a dose of 2.5 Gy 
and observed a lengthening of the cell cycle with little 
change in the duration of G2, most of the increase 
being due to increases in T, at 20 h and To, at 2 days. 

The changes in tumour cell kinetics that we have 
observed are qualitatively similar to those observed by 
others using autoradiographic techniques (see Steel 
(1977) for a review). The advantages of the BrdU 
technique are that it 1s rapid and sensitive. We were able 
to detect a G2 block in the Sa F tumour in vivo after a 
dose as small as 2 Gy (Fig. 7). Pallavicini et al (1985) 
have shown that the BrdU technique is equally sensitive 
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in measuring perturbations in tumour cell kinetics 
in vivo after drug treatment. BrdU has been 
administered to patients. It is relatively non-toxic and 
human tumour labelling with BrdU can be detected 
(Hoshino et al, 1985; Wilson et al, 1985). It should now 
be possible to obtain im vivo tumour cell kinetic 
information of clinical relevance, both 1n experimental 
tumours and in man. For instance, it should be possible 
to estimate the potential doubling time in human 
tumours from a single biopsy following injection of 
BrdU (Begg et al, 1985), and to correlate its value and 
the tumour labelling index with clinical results. 

In conclusion, the BrdU technique we have described 
1s rapid, quantitative and sensitive. By acquiring data in 
list mode it is possible to re-analyse the results in 
different ways after the experiment is completed. The 
technique is applicable to the study of normal tissue cell 
kinetics as well as tumours and is already being applied 
to the study of human tumour cell kinetics. 
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ABSTRACT 

Multbcellular spheroids, initiated from five human melanoma 
xenograft hnes (EE, E.F., GE, MF., VN.) and grown in 
liquid-overlay culture, were characterised with regard to 
radiation response. The principal aim of the work was to 
search for possible correlations with the radioresponziveness 
m vro of the parent xenografts. The spheroids were 
100-E5 ¿m in diameter at irradiation and did not contain 
radiobiologically hypoxic cells. Single-cell survival measured in 
soft agar, specific growth delay and spheroid cure were used as 
end-points The cellular radiosensitrvity was the same whether 
a melanoma was grown as spheroids or as xenografts. An 
intercellular contact effect was found for spheroids of the G E. 
melanoma but not for spheroids of the EE., E.F., M F. and 
V.N. melanomas, in agreement with previous observations 
from studies of the corresponding xenografts m myo A 
positive correlation was found between the radiation response 
of the spheroids, measured as cell survival after 6 Gy or as 
specific growth delay after 6 Gy, and the radiation response of 
the parent tumours, measured as specific growth delay after 
15 Gy. There was no correlation between the SCD,, (the dose 
required to cure 50% of the spheroids) and the radiorespon- 
siveness m vivo. It 1s concluded that differences in radiorespon- 
siveness in vrvo among tumours may be identified from studies 
of the corresponding multicellular spheroids grown in hquid- 
overlay culture 


Clinical investigations have indicated that the radio- 
curability of human tumours differs considerably 
among individual patients and may depend on 
histological type and differentiation status (Rubin et al, 
1974). However, histology is probably not a major 
determinant of radiocurability since different tumours 
with similar histological appearance may require totally 
different doses to be locally controlled (Thames et al, 
1980; Peters & Fletcher, 1983). Thus, there is a need for 
predictive assays for assessment of the clinical radiocur- 
ability of tumours. 

Multicellular spheroids are an m-vitro tumour model 
with several biological characteristics in common with 
solid tumours (Sutherland & Durand, 1976). Large 
spheroids have diffusion gradients for oxygen, glucose 
and other nutnents, resulting in necrotic areas, 
radiobiologically hypoxic cells and cells at reduced pH 
(Sutherland & Durand, 1973; Acker, 1984). Important 
radiobiological phenomena such as contact effect (Durand 
& Sutherland, 1972), repair processes (Sutherland & 


Durand, 1973; Durand & Sutherland, 1976) and 
reoxygenation (Durand & Sutherland, 1976) have been 
demonstrated for several spheroid systems. Moreover, 
spheroids initiated from different cell lines show 
individual and characteristic growth parameters, e.g. 
volume-doubling time, cell cycle distribution, cell 
density and intercellular adhesiveness (Carlsson et al, 
1983; Rofstad et al, 1986). 

The present work was aimed at investigating the 
potential of multicellular spheroids in predicting the 
radiocurability of tumours im vivo. Spheroids: were 
initiated from disaggregated human melanoma 
xenografts and grown in liquid-overlay culture (Yuhas 
et al, 1977). Radiation response was measured as cell 
survival 1n soft agar, growth delay and spheroid cure, 
and discussed in relation to the radioresponsiveness 
in vivo of the parent melanoma xenografts (Rofstad & 
Brustad, 1985). 


MATERIALS AND METHODS 
Xenografts 

Five human melanoma xenograft lines (E.E., E.F., 
G.E., M.F., V.N.), originally derived from lymph-node 
metastases of patients admitted to The Norwegian 
Radium Hospital, were used in the present work. 
Tumour tissue was transplanted directly into athymic 
mice (BALB/c/nu/nufBOM) without previous adapta- 
ton to im-yvitro culture conditions. Histologically, the 
metastases were composed of melanin-poor atypical 
naevus cells growing in large spheres Cells and nuclei 
varied greatly in size and shape, and numerous mitotic 
figures were seen. 

The melanomas were grown serially in athymic mice 
by implanting fragments, approximately 2mm x 
2mm x2 mm in size, subcutaneously into the flanks of 
recipient mice. Passages 35-60 of the xenografts in 
athymic mice were used to grow the spheroids studied 
in the present work. Light and electron microscopic 
examinations showed that the histological appearance 
of the xenografts in these passages was simular to that 
of the metastases from which they were derived. The 
radiation response of the xenografts, measured as 
specific growth delay, has been previously reported 
(Rofstad & Brustad, 1985). 
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X-ray survival curves for human melanoma 


grown in liquid-overlay culture The spheroids were disaggrogated 


spheroxis 
immediately before irradiation (6), immediately after 1rradiston (©) or 18 h after irradiation (Wf). Each point represents the 
mean surviving fraction from three to six independent experiments. The verocal bars represent standard errors. The surviving 
fractions from cach individual experiment were calculated from the mean number of colonies in four tubes with irradiated cells 
and four tubes with unirradiated cells 


Spheroids 

Single-cell suspensions prepared by mechanical dis- 
aggregation of the mouse-flank tumours were used to 
grow spheroids. The culture medium was Ham's F12 
supplemented with 20% fetal calf serum, 250 mg/l 
penicillin and 50 mg/l streptomycin (Gibco-Biocult, 
Glasgow). Care was taken to ensure that the 
experimental procedure and the growth conditions were 
equal for all spheroid cultures. Approximately 1.5 x 10$ 
cells in 30 ml medium were seeded in 75 cm? plastic 
tissue culture flasks (Falcon, Oxnard) coated with a thin 
layer (3 ml per flask) of 1% agar (Bacto agar, Difco, 
Detroit). The flasks were then agitated (10 periods per 
min) at 37°C for 2 h using a tilting platform (Rotary 
Mixer, Cenco. Inst, Breda) and aggregates, approxi- 
mately 50 um 1n diameter, were formed. One day later, 
about 500 aggregates were transferred to 75 cm? coated 
culture flasks and cultivated in 30 ml medium (liquid- 
overlay culture). The agar coating prevented attach- 
ment of spheroids to the bottom of the flasks. The 
culture medium was changed three times a week. The 
volume-doubling times of the spheroids under these 
conditions were 1.8+0.2 days (E.E., E.F), 2.0+0.3 
days (G.E.), 1.7+0.2 days (M.F.) and 2.7+0.4 days 
(V.N.) up to a diameter of about 300 um (Rofstad et al, 
1986). The spheroids had a diameter of 100+5 um 
when they were irradiated. The number of cells per 
spheroid was measured to be in the range 400—500. 
Spheroids of this size had not developed central 
necrosis. Histologically and cytologically, the spheroids 
were similar to the parent xenografts (Rofstad et al, 
1986). 


Irradiation 
An X-ray unit (Siemens Stabilipan, Erlangen), 
operated at 220 kV, 19-20 mA, and with 0.5 mm Cu 


filtration, was used for irradiation. Spheroid suspen- 
sions as well as suspensions of cells prepared from 
spheroids were irradiated under aerobic conditions at a 
dose-rate of 3.0 Gy per min. The suspensions were kept 
in Carrel flasks during exposure. The irradiation was 
performed at room temperature 


Radiation response assays 

Survival of single cells was measured by using the 
soft-agar colony assay developed by Courtenay and 
Mills (1978). Single cells were obtained by treating the 
spheroids with a 0.05% trypsin/0.02% EDTA solution 
for 10 min at 37°C. The spheroids were disaggregated 
completely by this treatment and almost 100% of the 
cells appeared to be morphologically intact. Cell 
concentrations were determined with a haemocytometer 
viewed through a phase-contrast microscope. The soft 
agar was prepared from powdered agar (Bacto agar, 
Difco, Detroit) and Ham’s F12 culture medium with 
20% fetal calf serum, 250 mg/l penicillin and 50 mg/l 
streptomycin (Gibco-Biocult, Glasgow). Erythrocytes 
from August rats and melanoma cells were added as 
previously described (Rofstad, 1981). Aliquots of 1 ml 
of soft agar with the appropriate number of melanoma 
cells were seeded in plastic tubes (Falcon 2057, 
Oxnard). The cells were incubated at 37°C for 3—4 weeks 
(E.E, E.F.), 4-5 weeks (M.F. V.N.) or 5-6 weeks 
(G.E.) 1n an atmosphere of 5% O,, 5% CO, and 90% 
N,. Culture medium (2 ml) was added on the top of the 
agar 5 days after seeding and then changed weekly. 
Colonies were counted with a stereomicroscope. Cells 
giving rise to colonies larger than 50 cells were scored as 
surviving. The plating efficiency of untreated cells was 
15-40% (E.E., M.F., V.N.), 50-80% (E.F.) and 5-15% 
(G.E.) and independent of the number of cells seeded 
(in the range 100-5000 cells per tube). Heavily 
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irradiated “feeder” cells (100 Gy), up to 100000 cells 
per tube, neither enhanced the plating efficiency nor 
changed the surviving fraction of irradiated cells. 
Consequently, such “feeder” cells were not used in the 
present work. Details of the experimental procedure are 
reported elsewhere (Rofstad, 1981). 

Growth delay after irradiation was determined by 
cultivating irradiated and unirradiated spheroids in 
liquid-overlay culture. Spheroid diameters were 
measured with an ocular micrometer in an inverted 
phase-contrast microscope. The time taken for the 
irradiated (7;) and the unirradiated (75) spheroids to 
reach five times their volume at treatment was recorded. 
Specific growth delay was calculated as (T5 — T4)/T,, 
where 7, is the mean volume-doubling time of the 
unirradiated spheroids (Hermens & Barendsen, 1975; 
Steel et al, 1983). 

Spheroid cure was measured by plating spheroids in 
uncoated wells of 96-well culture plates (Nunclon, A/ 
Nunc, Roskilde). The spheroids attached to the bottom 
of the wells with subsequent cellular outgrowth. 
According to the criteria developed by Carlsson and 
Nederman (1983), a spheroid was scored as surviving if 
the outgrowth resulted in more than 1000 cells within 5 
weeks. Generally, the surviving spheroids could be 
easily distinguished from the cured ones since the 
outgrowth in the latter case usually resulted in less than 
100 cells before the layer of outgrowing cells 
disintegrated 2 weeks after irradiation. Unirradiated 
spheroids always fulfilled the criteria for a spheroid to 
be scored as surviving. 


RESULTS 

Figure 1 shows survival curves for the melanoma cells 
after exposure to X rays. The melanomas were grown 
as spheroids and irradiated as single cells, or grown and 
irradiated as spheroids and assayed as single cells 
immediately after or 18 h after irradiation. The cell 
yield from spheroids disaggregated immediately after 
and 18 h after irradiation was not significantly different, 
suggesting that cell lysis did not occur during this time 
interval. The G.E. melanoma showed a significant 
contact effect, whereas the other four melanomas did 
not. There was no evidence of potentially lethal damage 
(PLD) repair or presence of radiobiologically hypoxic 
cells in the spheroids. 

Mean relative spheroid volume for the E.E., G.E. and 
M.F. melanomas as a function of time after irradiation 
with doses up to 7 Gy is shown in Fig. 2. The data in 
Fig. 2 refer to one single experiment with each of the 
melanomas. Four to five such experiments were carried 
out and formed the basis for calculation of specific 
growth delay. Figure 3 shows that specific growth delay 
increased with increasing radiation dose. The E.F. and 
V.N. melanomas formed loosely packed spheroids with 
an irregular shape (Rofstad et al, 1986). Reproducible 
growth delay data could not be established for these 
melanomas because single cells and fragments broke 
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Fic. 2. 
Mean relative volume for human melanoma spheroids grown 
in liquid-overlay culture as a function of time after irradiation. 
Each curve is based on 30-50 spheroids. The vertical bars 
represent standard errors. 


away from the spheroids after irradiation. 

Figure 4 shows percentage of spheroid cure as a 
function of radiation dose for the E.E., G.E., M.F. and 
V.N. melanomas. Four to seven experiments were 
carried out with each of the melanomas, and the results 
in Fig. 4 refer to single experiments. Dose-response 
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Specific growth delay for human melanoma spherosds grown 
in liquid-overlay culture as a function of radiation dose. Esch 


point 11 based on four or five independent experiments, cach 
involving 30-50 spheroids. The vertical bers represent 
standard errors. 


curves based on the method of double negative logs 
(Gilbert, 1979; Moore & Hendry, 1984) were fitted to 
the data by regression analysis. The SCD,, was 
calculated from each data set using the relationships: 


—in(—In P= zD-1n (Nn) (1) 
0 


SCD. = Dolin (Nn)—1n (1n 2)] (2) 


where P is the probability of spheroid cure, m the 
extrapolation number of the cell survival curve and N 
the number of stem cells per spheroid. The SCD,,. was 
found to be 4.4+0.3 Gy (E.E), 6.640.3 Gy (G.E.), 
5.8+0.5 Gy (M.F.) and 3.61 -0.2 Gy (V.N.). Measure- 
ment of spheroid cure by the present procedure did not 
give reproducible results for the E.F. melanoma. 
The.rankings of the melanomas in radiosensitivity 
were V.N. > G.E. > E.E. > M.F. > E.F. when cell 
survival (6 Gy; disaggregation immediately after 
irradiation) was used as end-point (Fig. 1), 
G.E. > E.E. > M.F. when specific growth delay was used 
as end-point (Fig. 3), and V.N. > E.E. > M.F. > G.E. 
when SCD,ọ was used as end-point (Fig. 4). Thus, 


SPHEROID CURE (*) 





DOSE (Gy) 


Fico. 4. 
Percentage cure for human melanoma spheroids assayed in 
microwells as a function of radiation dose. The data are 
plotted on a double negative logarithmic ordinate, Each point 
is based on 60 spheroids. 


there was agreement between the specific growth delay 
and the cell survival rankings (Fig. 5a). However, there 
was no correlation between SCD,, and cell survival 
(Fig. 5B). 


DISCUSSION 

The oxygen concentration at the surface of spheroids 
growing in liquid-overlay culture cannot be kept 
constant during an experiment due to increased oxygen 
consumption with increasing spheroid size, changes of 
culture medium and agitation of the medium during 
handling of the culture flasks (Franko et al, 1984). 
Nevertheless, our melanoma spheroids showed constant 
volume-doubling times up to a diameter of about 
300 um (Rofstad etal, 1986), and the radiation 
responses were highly reproducible. The spheroids had 
a diameter of 1005 um when they were irradiated. 
Histological examinations have revealed that spheroids 
of this size have not developed central necrosis (Rofstad 
et al, 1986). Evidence that the spheroids contained 
radiobiologically hypoxic cells was not found, even 
though the irradiation was carried out at room 
temperature and not at 37°C (Fig. 1). Moreover, the 
survival curves for cells irradiated after disaggregation 
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of the spheroids were equal to those previously reported 
for cells from disaggregated tumours of the same 
melanomas (Rofstad & Brustad, 1981), i.e. the cellular 
radiosensitivity was the same whether the cells were 
grown as spheroids in liquid-overlay culture or as solid 
tumours in vivo. Consequently, the spheroid cultures 
studied in the present work were stable in-vitro models 
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Specific growth delay after 6 Gy (A) and 
SCD,, (B) versus surviving fraction after 
6 Gy measured in soft agar for human 
melanoma spheroids. The surviving frac- 
tions after 6 Gy refer to spheroids dis- 
aggregated immediately after irradiation. 
The bars represent standard errors. 
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of the aerobic compartments of the parent tumour 
xenografts. 

The survival curves for spheroids disaggregated 
immediately after and 18 h after irradiation were not 
significantly different for any of the melanomas (Fig. 1), 
ie. there was no evidence of PLD repair. Potentially 
lethal damage repair has been demonstrated to occur in 
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Radiation response in vive (xenografts) versus radiation response in vitro (spheroids) for human melanomas. Specific growth 

delay after 15 Gy is used as a measure of response in vivo. Surviving fraction after 6 Gy measured in soft agar (A), specific growth 

delay after 6 Gy (B) and SCD,, (C) are used as a measure of response in vitro. The surviving fractions after 6 Gy refer to 

spheroids disaggregated immediately before (single cells) or immediately after (spheroids) irradiation. The bars represent standard 
errors. 
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the parent xenografts in vivo (Rofstad, 1981). This 
apparent discrepancy was probably a consequence of 
differences in oxygenation and cell proliferation due to 
differences in size, and does not represent a 
fundamental difference between the spheroids and the 
tumours. The PLD repair in vivo took place mainly in 
hypoxic, non-proliferating cells (Rofstad, 1981) and this 
compartment of the tumours was not modelled by the 
spheroids studied here. 

An intercellular contact effect similar to that reported 
for V79 Chinese hamster spheroids (Durand & 
Sutherland, 1972) was found for the G.E. melanoma, 
but not for the E.E., E.F., M.F. and V.N. melanomas 
(Fig. 1). We have previously reported that a contact 
effect is not present in the E.E. and V.N. melanomas 
in vivo (Rofstad & Brustad, 1983). Similar, unpublished 
studies have demonstrated to contact effect in the G.E. 
melanoma in vivo, whereas no evidence of a contact 
effect was found for the E.F. and M.F. melanomas 
in vivo. Thus, there was complete agreement between 
the spheroid and xenograft studies. Our observations 
are in agreement with conclusions drawn in an extensive 
review by Rasey (1983); some tumours and spheroid 
cultures show a pronounced contact effect whereas 
others do not, ie. a contact effect is not a general 
phenomenon. Recently, Dertinger et al (1984) presented 
evidence that a contact effect is present only in cells that 
are electrically coupled via gap junctions. 

One objective of the present study was to investigate 
whether it would be possible to identify differences ın 
the radioresponsiveness m vivo among the parent 
xenografts from the radiation response of the spberoids. 
The five spheroid types showed individual and 
characteristic responses to radiation, irrespective of the 
end-point considered (Figs 1, 3 and 4). The radiation 
response in vivo of the parent xenografts has been 
previously studied by using growth delay as the end- 
point (Rofstad & Brustad, 1985). A procedure for 
determining the relative radioresponsiveness of tumours 
on the basis of growth delay data has not been agreed 
upon (Trott, 1983). However, specific growth delay 
after 15 Gy has been found to be a suitable parameter 
for the radioresponsiveness of our melanoma xenografts 
(Rofstad & Brustad, 1985). Figure 6 shows specific 
growth delay im vivo after 15 Gy plotted against the 
radiation. response of the corresponding spheroids. 
Surviving fraction after 6 Gy measured in soft agar, 
specific growth delay after 6 Gy, and SCD,, were used 
as parameters for the radiation response of the 
spheroids. Spheroids irradiated with 6 Gy showed cell 
survival levels in the same range as tumours exposed to 
15 Gy in vivo (Flaten et al, 1981; Rofstad, 1981). 

A clear correlation was found between specific 
growth delay in vivo after 15 Gy and surviving fraction 
in vitro after 6 Gy, irrespective of whether the spheroids 
were disaggregated immediately before or immediately 
after irradiation (Fig. 6A). This observation suggests 
that it may be possible to develop assays for prediction 
of the radioresponsiveness in vivo of tumours based on 


the radiosensitivity of the corresponding spheroids, 
measured as cell survival in soft agar. 

Specific growth delay im vivo after 15 Gy increased 
with increasing specific growth delay in vitro after 6 Gy 
(Fig. 6B). The latter parameter may have been 
influenced by several factors in addition to the fraction 
of surviving cells. Firstly, radiation effects on the rate of 
cell proliferation may have affected the growth delay. 
Secondly, radiation-inactivated cells may not have been 
broken down and removed completely at the time a 
mean relative volume of 5.0 was reached, z.e. radiation- 
inactivated cells may have contributed to the volume of 
the irradiated spheroids and hence to an artificially 
short growth delay. Thirdly, a considerable fraction of 
the spheroids was cured after 6 Gy, ie. the measured 
growth delays refer to uncured spheroids only. 
Nevertheless, Fig. 6B suggests that spheroid growth 
delay data may be utilised to identify differences in 
radioresponsiveness in vivo among tumours. Observa- 
tions by Deacon etal (1985) also support this 
possibility; they studied a human neuroblastoma and 
found nearly equal specific growth delays after 
irradiation of xenografted tumours and spheroids. 

No correlation was found between specific growth 
delay in vivo after 15 Gy and SCD,, (Fig. 6c). The 
SCD,, was not correlated to the cell survival measured 
for the spheroids after exposure to 6 Gy either (Fig. 5B). 
These observations may reflect that a significant 
fraction of the surviving stem cells in the spheroids died 
of other causes than radiation damage before they were 
able to migrate out of the spheroids, attach to the 
plastic surface and initiate outgrowth. In fact, it can be 
shown by use of Equation 2 that the number of effective 
stem cells per spheroid in the spheroid cure experiments 
was very low compared with the number of clonogenic 
cells per spheroid. 

In conclusion, the present work suggests that 
multicellular spheroids have a significant potential in 
identifying differences in radioresponsiveness in vivo 
among tumours. Cell clonogenicity in soft agar seems to 
be a more suitable end-point than growth delay since it 
can be used for loosely as well as densely packed 
spheroids. Some tumours, such as the G.E. melanoma, 
show a significant contact effect whereas others do not, 
implying that spheroids may predict the radiorespon- 
siveness of tumours more accurately than single cells. In 
fact, since there is some evidence that the clinical 
radioresponsiveness of tumours may be related to the 
initial slope of the cell survival curve (Fertil & Malaise, 
1981; Deacon et al, 1984; Fertil & Malaise, 1985), it may 
be a prerequisite that an in-vitro predictive assay of 
radioresponsiveness records a possible contact effect. 
Our data are encouraging and further studies involving 
fractionated irradiation seem warranted. 
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Atlas of Normal Fetal Ultrasonographic Anatomy. By R. A. 
Bowerman, pp. vili+154+index, 1986 (Blackwell Scientific, 
Oxford/Year Book Medical, Chicago), £38.00. 

ISBN 0-8151-1104—5 

While this book is primarily an atlas, there are two 
introductory chapters about fetal scanning and fetal well- 
being. These are concise, covering only six pages 1n all, but asa 
brief review of the j and indications for scanning 
they are adequate. It could be argued that in an atlas this is 
unnecessary, but as a means of setting the scene for those with 
little experience of scanning they may be useful. The remainder 
of the book i2, without any doubt, excellent. The images are of 
top quality. The fetus is dealt with systematically with multiple 
views of many parts, especially in the head. For the 
ultrasonographer who has been faced with an unusual 
proection and wm not quite sure what he is seeing 
anatomically, this atlas solves most problems of what is 
normal, 

Inevitably, there must be a few small quibbles: Fig. 4:15 
shows measurement of head circumference on an image where 
part of the head is not shown and the position to place the 
calipers has to be guessed. No mention is made of the 
inaccuracy such a technique suífers from. Page 58 mentions 
assigning gestational age in the third trimester without 
pointing out the inaccuracies of this, even with the best images 
and most meticulous technique. On page 112 it is stated 
eed normal prominent renal pelvis can be delineated from 
pathologically dilated pelvis by scanning over time.” This is 
not so as the pelvis dilated due to vesico-ureteric reflux can 
behave in a mmilar manner, and to call all such patents 
normal may be somewhat ill-advised without further investiga- 
tion after delivery. 

Se ee ee ee 
can be thoroughly recommended to any 
undertaking obstetric ultrasound scanning. It will mein 
used, particularly by those preparing for the D.M.U. exam. 

D. W, PILLING 


Computed Tomography. Axsessment Criteria, CT System 
Clinical Applications ; 


ISBN 0-471-99842-7 
The contents of this book he in the grey area between 
disinterested —scxentific assessment and industrial sales 
promotion. Most of the technical and scientific development of 
X-ray computed tomography (CT) has occurred not in 
academic centres, but within industry. Thus technical literature 
from mdustrial authors is particularly valuable to users of CT 
systems to give a sound scxntific understanding of ther 
operation Ths book provides a clar exposition of the 
Siemens view of the design, evaluation, use and cost- 
effectiveness of CT systems. Not surprisingly, it 15 concluded 
that rotate-rotate geometry and a pulsed generator are 
preferable The advantages of solid-state detectors are 
promoted, while the benefits of high-pressure xenon detectors 
are not well discussed However, before dismissing the volume 
as pure sales promotion, it must be said that there is great 
danty in the discussion of the evaluation critena for CT 
systems, containing much which could weil be of value to any 
CT user. Contrast detail, noise structure, modulation transfer 
function mresurement and its dependence upon geometry and 
reconstruction algorithm are all well considered. The illustra- 
tions are clear and, in particular, the CT mage reproduction 1s 
excellent. The chapter on clinical applications will have a 
larger readership among those who use a Ssemens scanner, 
since the detail given for techniques of dynamic scanning, 
radiation treatment planning or dual-energy scanning is specific. 
This book is a thoroughly practical text aimed primarily at 
users of Siemens CT equipment. It may also find some 
readership among those with a more general interest in the 
asecasment and use of CT systems. 

F. A. Duck 
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Tbe quanttative assessment of the imaging perfor- 
mance of nuclear magnetic resonance (NMR) scanning 
equipment requires the use of test objects (Orr et al, 
1983, Lerski etal, 1984). These are commonly 
constructed from perspex and are filled with aqueous 
solutions of paramagnetic salts (e.g. CuSO, or MnCl.) 
to provide the NMR signal with a relaxation behaviour 
(7, in particular) similar to tissue. The presence of the 
human body during the NMR imaging procedure has 
the effect of loading the receiver coil. This 1s due to 
energy dissipation by currents induced in the conduct- 
ing tissue. The solutions of paramagnetic salts do not 
provide conducting pathways and subsequently have 
very little loading effect. The signal-to-noise ratio is 
degraded by coil loading and falsely high values will be 
obtained if measurements are made without matching 
this effect when using test objects. Saline-filled 
containers can be used to load receiver coils, but these 
may be difficult to construct and may interfere with the 
positioning of the test objects. The use of an inductive 
ing loop has been proposed as an alternative 
method of matching coil loading (Edelstein et al, 1984). 
This consists of an inductive loop together with a 
tuning capacitor and a resistance, all in series (Fig. 1). 
The investigation reported here considers the use of 
such loops with head coils, the appropriate values of 
inductance and the values of resistance required. The 
possible use of a standard loop to provide appropriate 
damping for a number of different head coils, at a range 
of pre-amplifier loadings and for different frequencies, 
is also considered. The normal variation of head 
loading by different subjects and the day-to-day 
variation for one subject are reported. 


TECHNIQUE 

The four receiver coils investigated were used with a 
research resistive 0.1 T NMR scanner constructed in 
the Medical Physics Department, Hammersmith 
Hospital. Geometrical details of the coils, three saddle 
coils and one spherical coil (Bydder et al, 1985), are 
given in Table I. 

The quality factors (Q) of the coils were used to 
quantify their loading, this being measured by injecting 
a signal into the coil and measuring the voltage across a 
pick-up coil using a Hewlett Packard 3585A spectrum 


analyser. This is similar to the method described by 
Hoult (1978), except that the signal was injected using a 
cable terminated with a resistor in the proximity of the 
NMR receiver coil. The pick-up coil was positioned on 
the axis of the receiver coil and 5 cm away from the 
plastic former. The terminating resistor was placed 
opposite, but off axis, and 3 cm outward from the 
nearest conductor. During measurement, except where 
Otherwise stated, the coils were placed on a non- 
conducting support about 0.6 m above a conducting 
ground plane which forms the floor of the NMR 
scanning laboratory. The signal used to excite the coil 
was derived from the tracking generator output of the 
spectrum analyser and was of constant magnitude when 
swept over the range of interest. Q was evaluated as the 
ratio of the frequency of peak response to the 3 dB 
bandwidth, both quantities being measurable directly 
on the spectrum analyser using cursors. 

The inductive damping loops were made of one, two 
or three turns of copper wire of diameter 20 cm, or two 
or three turns of diameter 17.5 cm. The inductances of 
the loops were measured using a Hewlett Packard 
4815A vector impedance meter and were tuned by 
adding a capacitance in series so that the impedance 
was wholly real at 4.25 MHz. The vector impedance 
meter was then disconnected and a resistor added in 
series to close the circuit (Fig. 1). The value of this 


RR RE 
oe =a 


HMR recelver coll Inductive loop 


Fig I. 
Circuit diagram of an inductive damping loop shown alongside 
a receiver cod. L, = receiver coil inductance, C, = tuning 
capacitance, R, = resustive component of L4, L, = inductance 
of damping loop, R, = damping resistance (> resistive 
component of L,), C, = dampmg loop tuning capacitor 
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TABLE I TABLE II 
GBOMETRIC DETAILS OF THE RECEIVER COILS DAY-TO-DAY VARIATION OF Q POR ONE SUBJECT 
Coil Length Diameter No of Inductance Mean SD SD 
(cm) (cm) turns (uH) (between days) (between 
measurements) 
Saddle | 25 27 2x2 0.94 
Saddle 2 25 27 2x2 1.14 Saddle Coil I 
Saddle 3 38 28 2x2 1.54 Unloaded 339 12.2 21" 
Spherical — 23 2x4 1.61 Loaded 234 5.8 31^" 
Saddle Coil 2 
Unloaded 296 4.7 1:37% 
resistance was determined by the expenments as Loaded 215 4.1 3.0** 
described below. Saddle Coll 3 
Unloaded 383 73 ].9** 
PROCEDURE AND RESULTS Loaded 289 6.6 3.8** 
Spherical 
e of inductive damping loops to load NMR receiver Unloaded 382 37 ) ge 
Loaded 194 49 6,4* 


Saddle Coil 1 and the spherical coil were each tuned 
to 4.25 MHz using parallel capacitances. For both coils, 
Q was measured when unloaded, when loaded with a 
head and when loaded with a damping loop. In each 
case a range of resistances was used with the two-turn, 
20 cm-diameter loop. 

The Q of the saddle coil was brought down from an 
unloaded value of 295 to 217 when loaded with a head 
and that of the spherical coil from 406 to 184 (mean of 
four measurements from one subject). The frequency of 
peak response was lowered by < 2.5 kHz for the saddle 
coil and < 6.5 kHz for the spherical coil. Using the 
damping loops it was possible to lower Q to any desired 
value with appropriate series resistance. This also had 
the effect of lowering the frequency of peak response by 
about 2 kHz in the case of the saddle coil and about 
3 kHz for the spherical coil. 


Day-to-day and subject variation 

The following experiments were performed in order 
to assess the natural variation of the effect of head 
loading on values of Q of the NMR receiver coil. In the 
first experiment variation between days for one subject 
using all of the cois was studied. In the second 
experiment the intersubject variation was determined 
with data from 27 subjects for one receiver coil. This 
will provide a standard against which the performance 
of the damping loops may be assessed. 

The three saddle-type and the spherical receiver coils 
were each tuned to 4.25 MHz. The excitation and pick- 
up transducers, associated with the measurement of Q, 
were positioned within 0.5 cm on each occasion. On six 
different days Q was measured five times for cach coil 
when unloaded and when loaded with a head. Table II 
shows the mean of all the measurements for each coil, 
the standard deviation between the daily means and the 
standard deviation between measurements, having 
removed the effect of the day-to-day variation. The 
measurements which show significant (p « 0.05) or 
highly significant (p « 0.01) variations between days, 
using one-way analysis of variance, are marked with 
one or two asterisks, respectively. 


*p < 0 05 (rgnificanty; **p < 0.01 (highly significant). 


The intersubject variation was investigated by 
comparing the Qs resulting from loading by 27 subjects 
(14 female, 13 male). In this experiment the receiver coil 
was placed in a room without a ground plane and at 
least 1 m away from any conductor, other than the 
experimental apparatus. Saddle Coil 2 was tuned to 
4.25 MHz and Q was measured without loading and 
with each of the subjects. The unloaded Q of 274 (mean 
of 10 measurements) was lowered to 227+6 by female 
subjects, to 211+7 by male subjects and to 219+10 by 
male and female subjects grouped together (mean + 
standard deviation of means of five measurements for 
each subject). The frequency of peak response was 
depressed by less than 1 kHz in all females and less 
than 2 kHz in all males. 


Effect of damping-loop geometry 

Saddle Coils 1 and 3 and the spherical coil were 
investigated to determine the values of resistance 
required to simulate the loading of a head. The Q of 
each coil was measured, when unloaded, loaded with a 
head and loaded with a one-, two- or three-turn 20 cm- 
diameter loop, or a two- or three-turn 17.5 cm-diameter 
loop. Their inductances were 0.81, 2.47, 5.24, 2.02 and 
4.12 uH, respectively, and they were tuned with 
capacitors to 4.25 MHz. In each case the resistance of 
the loop was adjusted to match the effect of a head, and 
resistance values greater and smaller than the optimum 
value were tried to determine the sensitivity of Q to 
resistance changes. 

Each of the three head coils had a different unloaded 
Q. The presence of a head reduced Q in each case by a 
different amount and tended to lower the frequency of 
peak response by | or 2 kHz. It was possible in all cases 
to simulate the effect of a head on Q with appropriate 
resistance values, but the lowering of the peak response 
frequency could not be matched at the same time. The 
resistances required with each of the two-turn loops 
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Q Saddie coil 1 Q Saddie col 3 Q Sphertcal coll 
400 400 400 
300 300 300 
200 200 200 
100 100 100 j 
^ 30 15 10 5 - 350 10 5 - Wi 15 10 5 


Simulated pre-amp. Input resistence /kQ 


Simulated pre-amp, input resistance /kQ 


Simulated pre-amp. Input resistance /kQ 


Fra. 2. 


Effect of pre-amplifier loading on measured Q values for Saddle Coils 1 and 3 and the spherical coil, using a two-turn 17.5 cm- 
diameter damping loop compared with the effect of a head (—— unloaded, - - - - loaded with head, — — loaded with inductive loop). 


were within 0.5% of 2.07 KQ for the 20 cm loop and 
within 3.5% of 0.96 KQ for the 17.5 cm loop. Less 
consistent results were found for the other loops, where 
12.5%, 12.6% and 29% were the figures for the one- 
turn 17.5 cm-diameter loop and three-turn 17.5 cm- 
and 20 cm-diameter loops, respectively. 

The sensitivity of Q to loop resistance, evaluated as 
the ratio of fractional change in Q to fractional change 
in resistance, was less than unity for each coil and loop 
combination. 


Variation with frequency 

Saddle Coi 1 was tuned to 4.25 MHz and Q 
measured when unloaded, loaded with a head and 
loaded with a two-turn 20 cm-diameter loop. The 
resistance of the loop was adjusted to match the effects 
of the head and this was repeated with the coil and the 
loop retuned to 2.125 MHz and to 8.5 MHz. The 
loaded and unloaded Qs varied with frequency and, 
unfortunately, the resistance of the damping loop 
required to match head loading was neither constant nor 
linear over the range considered. 


Effect of pre-amplifier loading 

The Q of Saddle Coil 1 was measured when 
unloaded, loaded with a head, loaded with a two-turn 
17.5 cm-diameter loop and loaded with a two-turn 
20 cm-diameter loop. The resistances of the loops were 
then adjusted to match the effect of the head and kept 
constant for the rest of this part of the study. Thus 
sequence was repeated with a range of resistances 
(30 IN, 15 kQ, 10 kM and 5 NQ) across the connecting 


cable to model the effect of pre-amplifier loading. This 
was repeated using Saddle Coil 3 and the spherical coil 
but keeping the resistance of the damping loop 
unchanged at the value determined from the first coil. 

The presence of a resistance across the pre-amplifier 
connection resulted, as expected, in a lowering of Q in 
each case, with and without further loading by a head 
or damping loop. With Saddle Coi 1, either of the 
damping loops resulted in a value of Q between 0% and 
—6% of that of the head at all values of pre-amplifier 
resistance. This compares with a discrepancy of between 
15% aud 45% when no damping loop was present. 
Using the same loop in the other saddle coil produced 
similar results, with a discrepancy of between 2% and 
7% with damping compered with between 8% and 30% 
without. The match in loading was not so close for the 
spherical coil, with a discrepancy of between 10% and 
18% with either of the damping loops compared with 
between 23% and 111% without any damping. The 
results, each representing the mean of two measure- 
ments, are presented in Fig. 2 (for clarity only the 
17.5 cm-diameter loop is shown). 


DISCUSSION AND CONCLUSIONS 

Inductive damping can be used to lower the Q of a 
coil to any desired value and can be made to match the 
effect of a head in this respect Some alteration of 
frequency occurs with head loading and in general this 
cannot be matched simultaneously with the correct Q, 
underlining the fact that inductive damping is not a 
complete model of the effect of a head. 

A proportion of the loading caused by a head results 
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from dielectric losses and no account of these are taken 
by this type of inductive damping loop. Steps may be 
taken to minimise this loss (Hoult & Lauterbur, 1979) 
but inductive losses are unavoidable. It should be noted 
that the same loops cannot be used for different 
frequencies, since readjustment of both resistance and 
tuning capacitance is required. 

The quality factor of a coil is sensitive to surrounding 
conductors, including the investigator. It was found 
that standing close to an otherwise unloaded coll 
lowered Q by about 2%. Other factors such as the exact 
position and angle of the head and prevailing 
atmospheric conditions can also influence Q. This may 
account for the significant day-to-day variation and 
also the difference in unloaded values between the day- 
to-day and the intersubject variation experiments, 
which were performed in different rooms. 

Although Coils 1 and 2 have the same dimensions 
and number of turns, their inductances are different. 
This may be because the conductors are of different 
thickness and different material is used for the 
insulators. 

Our inductive damping loops were made by wrapping 
copper wire of cross-sectional area 1.5 mm? around 
circular formers. Using two turns around a diameter of 
20 cm results in an inductance of around 2.5 uH which 
appears to be optimal for our receiver coils at a 
frequency of 4.25 MHz. In the above experiments the 
loops were tuned using a vector impedance meter. 
Alternatively, they may be tuned by soldering a trial 
capacitor in parallel and placing between an excitation 
source, such as a terminated cable and a pick-up coil, 
and adjusting the frequency to find the peak response. 
The correct capacitance to tune the loop can be 
calculated from the equation. 


C, = Cjoo,]^ 


where subscript t denotes trial and subscript r denotes 
required values. This may need to be repeated to 
achieve precise tuning. The resulting values are slightly 
different using this method but the effect on Q and 
frequency alteration of the receiver coil are comparable 
and the need for a vector impedance meter is avoided. 
When tuning has been achieved, a fixed or variable 
resistor is added such that all components are in series. 
Using any of the coils the resistance may be adjusted 
until the loading (as evaluated by Q) matches that of 
the head. The spectrum analyser greatly facilitates the 
measurement of Q but it can also be evaluated using a 
signal generator and oscilloscope by sweeping manually 
through frequency to find the 3 dB bandwidth. 


It is possible to construct a fixed damping loop which 
can approximate the effect of a head in a number of 
different coils and when connected to a range of 
different pre-amplifier loadings. We have achieved this, 
at 4.25 MHz, for head coils through the use of a two- 
turn 20 cm-diameter loop loaded with 1.6 kM which Q- 
matched head loading to within 894 for the saddle coils 
and within 19% for the spherical coils These values 
should be compared with the coefficients of variation 
between days of 1.9% and between subjects of 4.7% for 
a saddle coil. Tbe amplitude of the signal picked up by 
the receiver coil is proportional to Q and the signal-to- 
noise ratio to (Hoult & Richards, 1976). This 
suggests that the signal-to-noise ratio of the coils loaded 
with the damping loop would be within 596 of the head 
loading for the saddle coils, corresponding to a natural 
variation (based on one standard deviation) between 
subjects of 2.5% and within 10% for the spherical coil. 
However, for the best results the resistance of the loop 
should be readjusted for different coils or pre-amplifier 
loadings. The addition of the damping loop would, 
therefore, make the assessment of imaging systems 
more realistic when using test objects containing 
paramagnetic salts. 
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The use of simulator-based computed tomography in iridium-192 dosimetry 
By C. J. Kotre, M.Sc., A.C.G.I., G. D. Lambert, M.Sc. and *P. J. D. K. Dawes, F.R.C.R. 


Regional Medical Physics Department and “Regional Radiotherapy Centre, Newcastle General Hospital, 


Newcastle-upon-Tyne NE4 6BE 


( Received January 1986 and in revised form April 1986) 


When conventional radiography is used to determine 
the spatial distribution of brachytherapy sources, the 
interpretation of pairs of orthogonal radiographs may 
prove difficult, especially in the case of multiplane, or 
curved-plane implants. Where sources of uniform linear 
activity are implanted in a parallel array, as in the case 
of '’*Ir wire implants arranged in the Paris system, and 
running in à superior-inferior direction, cross-sectional 
information can provide a useful addition to, and in 
many cases a substitute for, conventional radiography. 
A computed tomography (CT) system based on a 
radiotherapy simulator (Kotre et al, 1984) has been 
employed to provide this information. 

Patients are scanned immediately following the 
surgical implantation of the source guide tubes, 0.8 mm 
diameter lead solder wires having been placed in the 
tubes as markers. Since the ends of the marker wires are 
visible on the skin surface, it is a straightforward matter 
to position the scan section midway between the 
superior and inferior extent of the implant. Taking 
advantage of the large scan aperture available on the 
simulator, the patient can be positioned with the 
implant centred in the reconstruction area. A certain 
amount of couch twist may also be applied to provide a 





Fic. | 


Simulator CT scan showing lead marker wires in the positions 


'’?Ir wire sources in a single-plane breast 


implant. 


to be occupied by 


CT cut orthogonal to the axis of the source 
distribution. These positional requirements would be 
difficult to achieve on a conventional diagnostic CT 
scanner with a curved couch and limited scan aperture. 
The images produced are of a much lower quality than 
diagnostic CT images, but the positions of the marker 
wires are clearly defined, as are major anatomical 
landmarks. The simulator-based CT system has the 
additional advantages of low cost and unrestricted 
access for radiotherapy use. 

Figures | and 2 show a simulator CT scan of a single- 
plane breast implant. Figure 2 is a digitally zoomed 
view of just the region around the implant. The six 
wires of the implant and most of the surrounding gross 
anatomy can be distinguished. Some deterioration of 
the image can be seen towards the left-hand side of the 
reconstruction area. This is due to the set of projection 
data from which the image is reconstructed being 
incomplete where there are portions of the patient 
outside the reconstruction area. The lead marker wires 
appear considerably larger than their actual size due to 
both the 2.3 mm pixel size (128 x 128 pixel image) and 
the point-spread effects generated within the imaging 
system. Streaking artefacts, although present, are not of 





Fic. 2 


Digitally zoomed region of Fig. | showing just the breast and 
implant. 
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sufficient amplitude to affect interpretation. As well as 
video display, the image can be presented as a life-sized 
grey-scale print-out. 

Source co-ordinate positions can be measured 
directly from the hard copy and are used in a simple in- 
house dosimetry program which ignores both 
absorption and scatter in tissue and oblique absorption 
within the wire (Casebow, 1984). Points for calculation 
of basal dose-rates are identified on the basis of the 
geometric principles of the Paris system (Pierquin et al, 
1978) and the co-ordinates obtained by direct measure- 
ment from the hard copy. The mean of the basal dose- 
rates 1s used to obtain the reference dose-rate upon 
which the dose prescription for the implant is based. 

À comparison of the overal width of implants 
assessed from both the CT print-out and the orthogonal 
radiographs using conventional calculation methods 
has shown excellent agreement, the maximum discre- 
pancy in overall width being less than 2 mm. Where CT 
data prove particularly advantageous, however, is in the 
interpretation of implants where the spacing is uneven 


or the plane is curved, or in more complex multiplane 
implants. To obtain these data by purely conventional 
radiographic techniques is particularly difficult and time 
consuming. At our centre, before the use of simulator 
CT, the effect of uneven wire spacing tended to be 
ignored. Now it is a straightforward matter to take this 
into consideration and also to relate potential areas of 
high and low dose to the patient's anatomy as displayed 
on the simulator CT scan. 


REFERENCES 

CaszBOW, M. P., 1984. Dosimetry tables for standard iridium- 
192 wire planar implants. British Journal of Radiology, 57, 
515—518. 

Korre, C. J., HagamoN, R. M. & Ross W. M., 1984. A 
simulator-based CT system for radiotherapy treatment 
planning. Britith Journal of Radiology, 57, 631—635. 

, B, Durex, A, Pame, C. H., CHAWMAGNE, D., 

» G. & Am, D., 1978. The Pans system in 

interstitial radiation therapy Acta Radiologica Oncology, 17, 
33—47. 


1036 


1986, The British Journal of Radiology, 59, 1037-1039 


Case reports 


OCTOBER 1986 


Failure of radiotherapy to reverse progressive pulmonary fibrosis caused by 


paraquat 
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Pulmonary fibrosis following poisoning by paraquat 
almost invariably proves fatal. A recent case report 
suggested that the pulmonary damage might be 
reversed by whole-lung irradiation (Webb et al, 1984). 
We describe a patient whom we treated in a similar 
manner, without success. 


CASE REPORT 

A student aged 20 years was admitted approximately 3 h 
after deliberate ingestion of 50-100 ml of Gramoxone 
(containing 10-20 g of paraquat) Stomach wash-out was 
performed on admission. He was then treated with Fuller's earth 
and an oral mannitol purge; 7.5 h after ingestion, the plasma 
paraquat was 980 ug/l. At 36h after ingestion he was 
transferred to our care for charcoal column haemoperfusion 
(CHP). He was drowsy and unwell with gross oro-pharyngeal 
ulceration and a temperature of 38.0°C. His chest was 
clinically clear and there were no other abnormal findings. 
During CHP, flow rates of 250 ml/min were achieved with a 
prostacyclin and heparin infusion for anticoagulation. Para- 
quat levels were 120 ug/l and 90 ug/l pre- and 6h post- 
perfusion, respectively. 

On Day 4 he developed right interstitial lung shadowing 
with an arterial pO, of 12.4 kPa. A 1 g bolus of intravenous 
methylprednisolone was given, followed by prednisolone 
60 mg/day and cyclophosphamide 100 mg/day. The next day 
there was radiographic deterioration involving both lungs with 
a decline in arterial oxygen tension (pO, = 8.49 kPa) and 
radiotherapy was commenced (Webb et al, 1984). Both lungs 
were irradiated with parallel opposed anterior and posterior 
portals, on a cobalt unit. A midline dose of 1100 cGy (rad), 
without lung correction, was administered in five daily 
fractions. This dosage scheme was chosen to be comparable 
with that described in the paper by Webb et al. 

On Day 6 he required mechanical ventilation because of 
increasing hypoxia. Low inspired oxygen tension with positive 
end-expiratory pressure was employed to minimise pulmonary 
oxygen toxicity. Subsequent chest radiographs revealed 
progressive pulmonary shadowing with associated difficulty in 
maintaining adequate oxygenation. The patient died of 
pulmonary failure on Day 23. Post-mortem examination 
revealed pulmonary changes characteristic of paraquat poison- 
ing (Rebello & Mason, 1978). The lungs weighed in excess of 
2 kg with bosselated surfaces and a rubbery consistency. The 





*Author for correspondence. 


cut surfaces showed areas of honeycombing, consolidation and 
focal areas of bronchiectasis. Microscopically there was severe 
diffuse intra-alveolar haemorrhage and fibrosis. Interstitial 
fibrosis was prominent in a focal distribution and areas of 
epithelial proliferation were present (Figs | and 2). 
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Fic. 1. 


A section of lung showing interstitial fibrosis with honeycomb- 
ing. Reticulin, x 275 (including print magnification). 
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Fic. 2. 


Intra-alveolar fibrosis with obliteration of air spaces against a 
background outline of alveolar walls. Reticulin, x 275 
(including print magnification), 
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DISCUSSION 

This patient differs from that described by Webb et al 
in the severity of poisoning (10-20 g of ingested 
paraquat in our case versus 3 g in Webb's case) and this 
was reflected in the more acute development of lung 
toxicity, mechanical ventilation being required in under 
6 days from ingestion in our case. The paraquat level at 
36 h (120 ug/l) was not dissimilar to Webb's patient 
(80 ug/l), however, by this time a considerable 
proportion of the absorbed paraquat would have been 
tissue-fixed and hence plasma levels are a poor index of 
the severity of poisoning. In terms of clinical 
management, as summarised in Fig. 3, the cases were 
otherwise similar. Both patients received steroids and 
cyclophosphamide, although our patient received an 
additional | g bolus of methylprednisolone at the onset 
of radiological shadowing and a lower dose of 
cyclophosphamide (1.5 mg/kg versus 3 mg/kg in Webb's 
case). Both patients received CHP at approximately the 
same time into their illness. The more severe respiratory 
embarrassment of the patient described precluded either 
an open or transbronchial lung biopsy to determine if 
fibroblast proliferation was occurring at the time of 
irradiation. 

The initial plasma paraquat level indicated a 30-50% 
survival probability (Hart et al, 1984) and the addition 
of radiotherapy did not favourably influence the 
outcome. Indeed, it has to be considered whether 
irradiation of the lungs at this time can increase the 
damage to the lung parenchyma. Recently published 
work on the effect of radiotherapy in mice poisoned 
with paraquat does little to allay these fears (Parkins & 
Fowler, 1985). The treatment of an extremely sick 
ventilated patient with radiotherapy poses major 
logistic difficulties and may necessitate the daily transfer 
of the patient to a radiotherapy unit which may be 
some distance away, with the attendant risk to the 


Prednisolone 
Cyclophosphamide 


FIG. 3. 


Summary of clinical course and treatment 
given. 
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patient that such moves may entail. 

In conclusion, the addition of radiotherapy in the 
treatment of paraquat lung in this patient did not lead 
to the dramatic improvement in pulmonary damage as 
seen in the case described by Webb et al (1984). It may 
be that less severe poisoning is more amenable to 
treatment (Williams et al, 1985), but clearly more 
research is required to determine the place, if any, of 
radiotherapy in the management of paraquat poisoning. 
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Ifosfamide is a relatively new cytotoxic drug with 
activity against many tumours including oat-cell lung 
cancer (Haggard, 1967), ovarian cancer (De La Garza 
& Cardenas, 1982), testicular tumours (Schmoll, 1982), 
osteosarcoma (Marti et al, 1981), soft-tissue sarcoma 
(Czownicki & Utracka, 1982; Stuart-Harris et al, 1983) 
and Hodgkin's lymphoma (Czownicki & Utracka- 
Hutka, 1977). Because of its activity in soft-tissue 
sarcoma we have used it in combination with 
radiotherapy as primary treatment for this condition. 
We report a case in which the combination of 
ifosfamide and radiation led to an enhanced radiation 
reaction. 


Case REPORT 

A 33-year-old soldier presented with cough, low back pain 
radiating into the left buttock and a swelling over the left 
sacro-iliac joint. Examination showed a bony, hard lump 
arising from the region of the left sacro-iliac joint and 
computed tomography showed a large tumour eroding the 
lower lumbar vertebrae and invading the pelvis through the 
greater sciatic notch. Needle biopsy showed a poorly 
differentiated chondrosarcoma. 

The tumour was considered inoperable and it was decided 
to treat it with radiotherapy and ifosfamide. Radiation was 
commenced on April 6, 1985, using a 5 MeV linear accelerator 
to deliver 200 cGy daily to the tumour volume through 
opposing tangential ports measuring 26 cm x 15 cm. The total 
tumour dose was 5640 cGy delivered in 29 fractions over 63 
days, and the maximum skin and tissue doses were 7020 cGy 
(250 cGy daily). Ifosfamide, 5 g/m?, was given 1 week before 
irradiation and repeated at 3-weekly intervals to a total of six 
courses, three of which were given during the course of 
radiotherapy. Mesna was given in standard doses. 

On Day 26 of the treatment, at a tumour dose of 3200 cGy 
(maximum skin dose 4000 cGy), a macular rash was noticed 


over the whole treatment area and within a week this had 
developed into the most severe moist desquamation (Fig. 1). 
The reaction was confined to the skin of the exit ports and was 
so severe that irradiation had to be interrupted for 2 weeks to 
allow some healing to take place. Thereafter, radiotherapy was 
continued with small fractions of 180 cGy daily to the tumour 
volume (225 cGy maximum daily skin dose). 

After the completion of radiotherapy and the healing of the 
acute reaction the skin gradually became hyperpigmented and 
leathery. Six months later the whole treatment area, including 
the skin and deep subcutaneous tissues, was so severely 
fibrosed as to be almost woody to touch. The skin was deep 





Fic, 1. 


Severe moist desquamation of the skin occurring during a 
course of combined radiotherapy and ifosfamide. 
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red m colour and the induration so groat that it was impossible 
to move the skin or subcutaneous tissue at all. A year after 
primary treatment there has been no change in this woody 
appearance. 

The primary tumour regressed durmg radiotherapy and 
there 3 no sign of recurrence | year later Eight months after 
the initia] treatment the patient received localised irradiation to 
metastases to the jungs. No abnormal radiation reaction was 
scen on this occasion. 


DISCUSSION 

Cytotoxic drugs are used in conjunction with 
radiotherapy both to kill cells outside the target volume 
and to enhance cell kil] within the target volume (Steel 
& Peckham, 1979). Although the role of adjuvant 
chemotherapy in the management of soft-tissue sar- 
coma 15 not clear (Edmonson, 1984), numerous trials of 
combined-modality therapy have been carried out (Daly 
& Friedman, 1974; Silverberg et al, 1976; Bleehen, 1979; 
Ryall et al, 1979; Sealy, 1979; Spittle etal, 1979; 
Urtasun et al, 1982; Von Der Maase et al, 1982). 

Because the major toxicity of ifosfamide can be 
controlled (Scheulen et al, 1983a, b), 1t 1s an attractive 
drug for use in an adjuvant setting. We have, therefore, 
also used ifosfamide in conjunction with radiotherapy 
after surgical removal of pulmonary metastases for soft- 
tissue sarcoma and because of our experience with this 
patient we believe there is a possibility that the 
combination of ifosfamide and pulmonary irradiation 
may lead to pulmonary fibrosis. That pulmonary 
fibrosis was not seen in our patient is probably because 
of the time interval between ifosfamide and irradiation 
and the small volume irradiated. 

It 1s well known that interaction of radiotherapy and 
cytotoxic drugs may lead to increased toxicity (Berry, 
1982), the common pattern being of a radiation 
reaction enhanced by concurrent administration. of 
cytotoxic agent. Drugs for which such interaction have 
been described are methotrexate (Friedman & Daly, 
1967), bleomycin (Lindholm et al, 1980; Catane et al, 
1980; Shanta & Krishnamurthi, 1976), etoposide 
(Giever et al, 1981), Adriamycin (Farmitalia C. E. Ltd, 
St Albans) (Mayer et al, 1976; Aristizabal et al, 1977; 
Kinsella et al, 1979), razoxane (Spittle et al, 1979) and 
actinomycin D (D'Angio, 1962). 

This is the first report of skin damage caused by an 
interaction between ifosfamide and radiation. Because 
of the very severe acute skin reaction and the late 
woody fibrosis seen in this patient we no longer 
administer ifosfamide during a course of radiotherapy. 
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Diagnostic ultrasound is well established as an imaging 
modality for identifying peripheral soft-tissue masses 
(Bernardino et al, 1981; Bluth et al, 1982). However, 
little has been reported about the ultrasound 
appearances of peripheral nerve tumours; we could find 
only two case reports (Chinn et al, 1982; Reuter et al. 
1982). We present three patients with peripheral nerve 
tumours, all with similar ultrasound appearances. 


CASE REPORTS 

Case | 

A 68-year-old woman had a history of a lump in the right 
popliteal fossa for 3 years. This had been slowly increasing in 
size and had recently become painful. Palpation revealed a 
2 em lesion in the midline and produced pain radiating down 
to the instep. Real-time (Fig. 1) and B-mode ultrasonography 
showed a clearly defined rounded mass 1.5 cm in diameter. 
There were low levels of echo within the lesion and moderate 
distal acoustic enhancement. At surgery, a well defined mass 
related to the popliteal nerve was removed. Histology showed 
this to be a schwannoma. 


Case 2 

A 34-year-old man had had a schwannoma resected from the 
sole of his foot in 1968. Regrowths occurred in 1977 and 1979 
and were locally resected. In 1985 there was a further 
recurrence. This was imaged with real-time ultrasound. The 
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appearances were of a mass of low echogenicity with some 
distal acoustic enhancement (Fig. 2). Histology proved this to 
be a neurofibrosarcoma. 
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10 MHz real-time scan showing low levels of echo within the 
schwannoma. 
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F IG 2 Case 2 


Area of reduced echogenicity of neurofibrosarcoma. White 
arrows point to complete reflection of sound by tarsal bones 
and white arrowhead to the area of acoustic enhancement, 


Case 3 

A 52-year-old woman, who was known to have neuro- 
fibromatosis, had noticed a swelling in the right side of her 
forearm for 6 months. On palpation, there was a firm, non- 
tender swelling in the region of the common extensor origin of 
the right arm and clinical suspicion of malignant change. 
Ultrasound showed a mass of low echogenicity with marked 
posterior acoustic enhancement and clearly defined borders 


(Fig. 34, B). This was confirmed by computed tomography 
(Fig. 3c). A 6 cm-diameter tumour associated with the 
posterior interosseous nerve was removed at surgery 
Histology proved this to be à benign neurofibroma. 
DISCUSSION 
All three tumours had similar ultrasound 


appearances of an echo-poor mass with distal acoustic 
enhancement. Not surprisingly, the neurofibrosarcoma 
had less well defined margins. Of the two other reported 
cases, the schwannoma discussed by Chinn et al (1982) 
showed these features, although the neurofibroma 
discussed by Reuter et al (1982) had only poor back- 
wall enhancement. 

The mechanism for this appearance (discussed by 
Chinn et al) seems likely to be due to the sound 
attenuation. of neurinomas being lower than the 
surrounding muscle. We recommend comparison with à 
known area of fluid, such as the urinary bladder, as low 
level echoes in the mass may be obliterated by an 
inappropriately low gain setting. 


Our cases emphasise that solid, soft-tissue masses of 


neural origin may present with ultrasonic appearances 
suggestive of a fluid-filled cyst (Callen & Marks, 1979). 
We conclude that this may be the normal ultrasound 
appearance of peripheral nerve tumours. 


INTERIOR 


LEM OCH 


GOcCHMHZOIVYV SP 


SCALE Z 





( 
FiG. 3. Case 3 
(a) Radiograph of the soft-tissue mass. (B) B-mode ultrasound 


scan showing marked posterior echo enhancement 
(c) Computed tomograph of the soft-tissue mass. 
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Simple procedure for the removal of a non-deflating balloon bladder catheter: 


two cases 


By T. C. Naunton Morgan, F.R.C.S., N. K. Barrett, M.R.C.P. and J. E. Boultbee, F.R.C.R. 
Department of Radiology, Charing Cross Hospital, Fulham Palace Road, London W6 8RF 


( Received February 1986 and in revised form May 1986) 


The occurrence of a non-deflating balloon catheter in 
the bladder is uncommon (Higgins & Mace, 1984). 
When all other routine urological methods of deflating 
the balloon have failed (Pitt, 1970) the aid of the 
radiologist should be sought so as to perform 
percutaneous balloon puncture (Rees & Joseph, 1981). 

We report two patients, who presented to our 
hospital within 10 days of each other, for whom 
initial attempts at deflating the balloons had been 
unsuccessful. 


CASE REPORTS 
Case | 

A 61-year-old hemiplegic male with a long-term, self- 
retaining balloon catheter which had become completely 
obstructed presented to our hospital. Attempts to free the 
obstruction were unsuccessful and it was therefore decided to 
remove the catheter. Unfortunately, the balloon could not be 
deflated and the urologists were asked for their advice. Despite 
cutting the side-tube and instilling ether, the balloon remained 
inflated. The patient's discomfort increased and urgent 
remedial treatment was considered necessary. It was felt that 
open cystotomy, being a major procedure, should not be 
undertaken lightly, and so the patient was referred to the X- 
ray department for ultrasound-guided puncture of the balloon 
(Rees & Joseph, 1981). 

Using a Diasonics DRF 400 real-time scanner, the 
intravesical balloon was easily localised in a full bladder 
(Fig. 1). A 10 ml aliquot of 2% lignocaine was infiltrated into 
the suprapubic region above the balloon. Under full sterile 
conditions and using sterile ultrasonic gel, a 22-gauge 
disposable needle was inserted into the bladder under direct 
ultrasound control. The tip was manoeuvred so that it lay 
directly over the balloon and while traction was applied to the 
catheter, the balloon was punctured with an audible “pop”, its 
destruction being dramatically displayed on the ultrasound 
screen, The catheter was then removed. 


Case 2 

The second patient was a 64-year-old post-laryngectomy 
patient who had been catheterised for post-operative retention. 
The balloon could not be deflated, and so the urologist's 
opinion was sought. Despite repeating the antideflating 


manoeuvres, the balloon remained inflated and our help was 
requested. 

The partially inflated balloon was seen to be lying with its 
distal end impacted in the prostatic urethra. It was not possible 
to re-introduce the balloon into the bladder and we were 
unable to distend the balloon further as the side-channel had 
been damaged. We did, however, fill the bladder to make the 
puncture easier. Using local anaesthesia and a strictly aseptic 
technique, a 22-gauge needle was inserted but, because of the 
needle's flexibility and the position of the inflated balloon, it 
was technically difficult to visualise the needle tip and guide it 
into the prostatic urethra. We therefore changed to a 16-gauge 
Abocath needle with a plastic sheath around the central 
stilette. This was much more rigid and more easily visible. 
Despite the slightly larger size of the Abocath needle, the 
patient experienced no great discomfort with adequate local 
anaesthesia. Balloon puncture was then performed and the 
catheter removed. 





Fic. 1. 


Longitudinal scan through the bladder: H indicates cephalad, 
F indicates caudad and B indicates inflated balloon in bladder. 
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DISCUSSION 

Numerous methods have been advocated for 
puncturing non-deflating balloons and methods 
included instillation of ether down the balloon-filling 
channel (Pitt, 1970) and blind suprapubic puncture with 
a lumbar puncture needle (Moskovich, 1984). Ether, 
which was widely used, is falling into disrepute because 
of the risk of cystourethritis and retained balloon 
fragments. Another method of puncturing the balloon 
is to insert the stilette of a ureteric catheter into the 
balloon channel, after severing the valve, and advance 
it until it reaches the balloon (Sood & Sahota, 1972). 
This procedure failed in both patients. 

A cystogram can be performed to localise the balloon 
within the bladder (Moisey & Williams, 1980). 
However, the use of X rays is unnecessary for this 
procedure, as the balloon can be adequately visualised 
by ultrasound, without using ionising radiation 
(Higgins & Mace, 1984). 

We feel that ultrasound-guided suprapubic puncture 
of the balloon, under strict asepsis and local anaesthesia, 
is a rapid, simple, safe manoeuvre which is easy to 
perform and which does not run the risk of a chemical 


cystitis, retained products in the bladder or the trauma 
caused by a blind suprapubic stab or the blind 
insertion of a ureteric stilette down the filling channel. 
In view of our success, urologists will, in future, be 
referring patients directly to us if the balloon catheter 
does not deflate spontaneously. 
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Ultrasound used to detect a stone in the vesico-ureteric junction during 


pregnancy 


By G. Rubin, B.Sc., F.R.C.R. and 'P. J. Fitzsimons, M.B., D.M.R.D., F.F.R.R.C.S.l. 
Department of Radiology, the Whittington Hospital, London N19 


(Received December 1985) 


Renal colic 1s conventionally diagnosed by a plain 
abdominal radiograph and intravenous urography. The 
role of ultrasound is controversial as it is only recently 
that it has imaged normal ureters (Marchal et al, 1982) 
and has detected stones in the lower ureter and in the 
vesico-ureteric junction (Erwin et al, 1984). We report a 
case of a pregnant woman where ultrasound replaced 
other imaging techniques in detecting a stone in this 
region. 


Case REPORT 
A 32-year-old woman who was 11 weeks pregnant presented 
with left renal cols. Ultrasound demonstrated a hydro- 
nephrotic left kxiney and a normal nght kidney. The left 
vesicoureteric junction was then examined by identifying the 
urethra on & transverse caudally angled scan of the bladder. 
Maintaining a transverse plane, the transducer was angled 
cranially until the vesico-uretenc junction with an mpacted 


Correspondence to: Dr G. Rubin, X-ray Department, The 
Royal Free Hospital, Pond Street, London NW3 2QG. 

“Present address. X-ray Department, Unversity of 
Queensland, Royal Brsbene Hospital, Brisbane, Australia 
4029 


stone was identified (Fig. 1). The transducer was then rotated 
obhquely by 70° grving a semilongitudinal view of the dilated 
left lower ureter (Fig. 2) entering the bladder, allowing a 
diagnosis of a ureteric calculus to be made. 


DISCUSSION 

Ultrasound can reliably detect hydronephrosis 
(Jeffrey & Federle, 1983) and stones in the kidney and 
bladder. It is superior to intravenous urography in 
diagnosing non-radiopaque renal stones (Pollack et al, 
1978). However, its role in renal colic has been limited, 
because its ability to image calculi 1n ureters has not 
been fully appreciated, even though ultrasound has 
detected stones in the upper and lower thirds of the 
ureter (Erwin et al, 1984). As stones most frequently 
lodge in the distal ureter (Rous, 1981), this area must be 
specifically examined. The technique for this has been 
described by Marchal et al (1982) who saw at least one 
lower ureter even in normal subjects, and especially in 
paediatric practice this area is routinely examined for 
dilated lower ureters (Cremin, 1985). Visualisation 
requires a full bladder and, where this can be obtained, 
ultrasound has been useful in conjunction with a plain 
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Fic. 1. 


Transverse scan through the lower bladder showing a stone in 
the region of the left vesico-ureteric junction. 


abdominal radiograph in evaluating renal colic and 
confirming stones in this region (Erwin et al, 1984). 
Where the bladder has not been full, ultrasound in renal 
colic has been disappointing (Laing et al, 1985). 

Renal colic is fairly rare in pregnancy. Strong et al 
(1978) quote papers giving an incidence of between one 
in 286 and one in 3800. Ultrasound is the preferred 
imaging technique for investigating both pathological 
and physiological changes in the renal tract during 
pregnancy. Yet there is only one previous report of its 
use in renal colic where it showed a left-sided 
hydronephrosis. A plain abdominal radiograph showed 
à stone (confirmed at lithotomy) in the line of the left 
ureter, so intravenous urography was avoided 
(Broaddus et al, 1982). However, hydronephrosis in 
itself, especially in late pregnancy, particularly on the 
right, is unreliable as it occurs physiologically. 
Fortunately, calculi appear to be more common on the 
left (Strong et al, 1978). 

The exact role of ultrasound in the routine 
investigation of suspected renal colic has not yet been 
defined. However, in patients who are also pregnant it 
Is the best initial investigation and can replace other 
investigations, if, as in our case, the obstructing stone 
can be detected. If the stone is in the distal ureter a full 
bladder is required. 





Ureter Œ ' 


FIG. 2. 
Oblique, semilongitudinal scan showing the dilated left ureter 
entering the bladder and confirming that the stone lies in the 
left vesico-ureteric junction. Note acoustic shadowing. 
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Merrill’s Atlas of Radtographic Pontons amd  Radiologic 
Procedures, 6th edit., 3 volumes. Ed. by P W. Ballinger, pp. 
464--Glossary (Vol D, 462+Buibliography (Vol. 2), 
342 + Bibliography (VoL 3) 1986 (Blackwell Scientific, 
Oxford/CV Mosby, St Louis), £104.50. 

Thi book is dedicated to describing both routine and 
specialised procedures in radiology. There are three volumes 
containing 2876 illustrations, including 11 m full colour. 

Volumes | and 2 contain radiographic terminology, along 
with topographic and surface anatomy which mtroduces the 
reader to detailed descriptions of all routine radiograph and 
fluoroscopsc procedures. These procedures are all well 
illustrated and encompass many pathological and trauma- 
induced conditions, covering the whole radiological spectrum. 

A particularly useful feature is the evaluation criteria after 


on computed tomography, digital vascular imaging, positron 
emission tomography, ultrasound and magnetic resonance 
imaging, among others All discuss historical development, 
explain the principies and give exampies of clinical applica- 
tions, with frequent comparisons between the various 


techniques. 

Excellent radiographs and xerograms illustrate a chapter on 
mammography A chapter on paediatnc radiography covers 
not only the technical problems encountered when radio- 
graphing young children, but considers also the psychological 


approach and includes the very topical subject of child abuse. 
Another topical subject, quality assurance, is discussed at 
length and there 1s plenty of advice on test tools available for a 
successful quality assurance programme. 

Criticisms are few and mainly trivial, relating particularly to 
American terminology and spelling, and also to the absence of 
typical exposure factors: important considerations for students 
when preparing for examinations. However, there can be 
nothing but praise for the technical content of this 
comprehensive volume, which is well bound and plentifully 
illustrated. In one or two instances the and contrast 
of the radiograph is lacking but this does not detract from the 
text. 

The cost, £104.50, might determine whether it will actually 
replace K.C. Clark's Positioning in Radiography as the 
radiographer's "bible". Certainly, similarities exists. between 
the Atlas and K C. Clark’s book, but the overall modern and 
updated approach of the Atlas, plus à wealth of information 
on interventional and other current trends in 
radiology make this book excellent value for money and justify 
the extra cost. To departments building up a library. buy the 
Atlas, you will not be disappointed. It will also prove a good 
investment to students emberking on a career in radiography. 
To radiographers already in possession of K. C. Clark's book: 
Volume 3 of the Atlas, if available separately, would keep you 
abreast of modern trends without incurring too much extra 
expense. 

B. LOVELAND 
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Case of the month 
A bulging eye 


OCTOBER 1986 


By J. Gholkar, M.R.C.P., F.R.C.R., J. P. R. Jenkins, M.R.C.P., D.M.R.D., F.R.C.R. and 


"T. Sekiya, M.D., F.J.B.R. 


Department of Diagnostic Radiology, University of Manchester, Oxford Road, Manchester M13 9PT 


( Rei eived April 1986) 


A 27-year-old man presented with a long history of left- 
sided proptosis. Decreased vision in this eye was 
detected at a school eye-test at the age of 5 years. Over 
recent years the patient reported further deterioration 
of vision, increasing proptosis and pain in the affected 
eye. 

On examination, there was 4 mm of axial proptosis 








*Present address: Department of Radiology. The Jikei 


University School of Medicine, Tokyo, Japan 


FIG. | 
Plain radiograph taken at presentation 


on the left. The vision in the left eye was 6/24 compared 
with 6/6 in the right eye. Full ocular movements were 
noted. Visual field testing revealed no significant 


abnormality and formal examination of the central 
nervous system was otherwise normal. Radiographs of 
the skull and orbits were performed; the 20° occipito- 
frontal view is illustrated (Fig. 1). 

What does the radiograph show and what is your 
differential diagnosis? 

What would be your next investigation? 
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Fic. 2. 
Two transverse CT scans through the orbits, (A) 3 mm inferior to (B). Note the large left intraconal tumour with calcification in 
‘ts anterior wall and areas of low attenuation in keeping with fat (straight arrows). The medial displacement of the optic nerve 
(curved arrow in A) and the posterior extension of the tumour through the superior orbital fissure (arrowheads in B) are shown 


The radiograph shows widening of the left superior 
orbital fissure, which has a well defined rounded 
sclerotic margin. The pathological causes of this include 
(Lloyd, 1975): 

(1) neurofibromatosis, 
(2) metastasis to the wing of sphenoid. 


(3) extension of orbital lesions, e.g. arteriovenous 
malformations, haemangioma, meningioma, 
dermoid, and 

(4) extension of an intracranial lesion, e.g. 
meningioma, infraclinoid aneurysm,  parasellar 


chordoma. 
The long history and sclerotic margin in this case 
make a primary or secondary malignancy extremely 





B 
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unlikely and there were no other manifestations of 
neurofibromatosis. 

A high-resolution computed tomogram of the orbits 
was the next investigation, and this showed a well 
defined tumour lying within the muscle cone of the left 
orbit, measuring approximately 4 cm x 2 cm x 2 cm. 
The tumour had a thin, partially calcified wall, 
contained areas of low attenuation (0 to —20 
Hounsfield units) compatible with fat, and showed 
heterogeneous enhancement after intravenous contrast. 
The lesion was displacing the optic nerve medially 
(Fig. 2a); posteriorly it was expanding the superior 
orbital fissure and extended intracranially for approxi- 
mately | cm (Fig. 28). 


FiG. 3. 
Two transverse MRI images at the same 
anatomical level through the orbit and 
tumour, (A) T,-weighted (inversion 
recovery 1500/500) and (B) T;,-weighted 
(spin echo 1000/60). In (4) the tumour 
gives a low signal anteriorly (very long 
T,) in keeping with a cyst. The posterior 
extent of the tumour through the superior 
orbital fissure has a shorter 7, due to 
more solid elements. The medial displace- 
ment of the optic nerve is shown (curved 
arrow). The middle cerebral artery 
undisplaced (straight arrow). 
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Magnetic resonance imaging (MRI) was also perform- 
ed, at one anatomical level, through the orbits using a 
variety of T,- and T;-weighted pulse sequences and a 
back-projection method for image reconstruction. The 
site of the intraconal mass and associated displacement 
of surrounding structures were displayed. The lesion 
was well demarcated from surrounding retrobulbar fat 
on all sequences (Fig. 3). It had a well defined capsule 
and appeared cystic, with a very long 7, relaxation 
time. The calcification within the wall of the lesion was 
not delineated on MRI because of poorer resolution for 
the detection of calcification compared with computed 
tomography (CT), and MRI added no extra useful 
information. 

The diagnosis was made of an intraconal dermoid 
because of the well defined nature of the lesion, 
calcification in its rim and areas of fat. The tumour was 
excised and was shown to be an epidermoid cyst on 
histology. 

Sequestration dermoids and epidermoids are formed 
when dermal or epidermal elements become pinched off 
along one of the lines of fusion in the course of 
embryonic development. They contain varying amounts 
of keratin and cholesterol. In tbe skull, these lesions are 
usually situated either in the intradiploic spaces or 


subperiosteally. Dermoids and epidermoXis account for 
approximately 494 of all cases of exophthalmos (Pfeiffer 
& Nicholl, 1948) and are usually sited extraconally. 
Their characteristic CT a has been described 
(Wende etal, 1977; Blei etal, 1978). Intraconal 
dermoids are rare but should be considered when the 
plain radiographic appearances suggest the presence of 
a slowly expanding benign lesion. 
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(The Editors do not hold themseives responsible for opinions expressed by correspondents) 


Metastatic deposits from a previously treated 
carcinoma of the lung presenting as a renal 
carcinoma 


THE EDITOR—Sm, 

We road with interest the paper by Bailey et al (1986) reporting 
two cases of the above. We wish to describe & similar case, in 
which surgery could have been avoided if the possibility of 
metastases from previously treated carcinoma of the lung had 
been considered. 

A 59-year-old woman, with a previously treated squamous- 
cell carcinoma of the left lower lobe bronchus, presented in 
November 1985 with a 2-month history of intermittent 
haematuria and severe right-sided loin pain. Physical examina- 
tion revealed an ill-defined mass in the right mde of the 
abdomen. Ful blood count and biochemistry showed no 
abnormality. Chest radiography showed fibrosis in the left lower 
lobe. Intravenous urography demonstrated the possibilty of a 
tumour in the nght kidney. At exploration, the upper pole of 
the nght kidney was found to have been replaced by a hard 
tumour adherent to the pentoneum. The peritoneum was 
opened but no obvious abnormality was found within the 
abdomen. After mobilisation of the right kidney it became 
apparent that there was extensive lymph-node involvement, 
with tumour around the vascular pedicle of the kidney It 
proved impoesible to remove the full extent of the tumour, so 
only the kidney was removed. Exammation of the kidney 
showed an ill-defined 5 cm x 4 cm x 3 cm mass in the upper 
pole, with adherent overlying capsule. Renal tissue elsewhere 
appeared normal. Microscopy showed poorly differentiated 
carcinoma with some squamoxi features. The appearances 
were consistent with metastatic carcinoma probebly from a 
bronchial primary. No further treatment was offered and the 
patent died 2 months later. 


Yours, ete, 
RAJNI AMIN, 

MICHAEL PAGLIERO 
Royal Devon and Exeter Hospital, 
Barrack Road, 
Exeter 
(Recerved April 1986) 
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Green lasers for patient positioning In radiotherapy 


Tug EDITOR——SIR, 

The introduction over the last decade of low power He-Ne 
lasers has done much to facilitate accurate patient positioning 
in radiotherapy One problem has been evident, however, in 
that the degree of subcutaneous diffusion, produced when the 
characteristic orange-red omission of He-Ne lasers is projected 


onto skin, causes the inherent resolution of the lines or spots to 
be lost. A recent development in laser technology, however, 
has been of a green He-Ne laser operating at 543 nm. 
Substitution of these green lasers for the conventional orange- 
red greatly reduces the subcutancous effect and some 
additional consequences are also worthy of note, viz. 


(a) gentian violet skin marks are more easily visualised; 

(b) on account of the much greater sensitivity of the eye to 
this portion of the spectrum, substantially lower laser 
output power is required, 

(c) many radiographers find the colour much more acceptable 
for constant viewing. 


Although these lasers are at the moment available only from 
specialist laser manufacturers (such as Melles-Griot (UK) Ltd, 
Culdrose House, Frederick Street, Akdershot, Hants 
GU11 ILỌ) and so must be coupled by the user to suitable 
optics (re line or cross generators available from many 
sources) and also mounted on suitable ahgnment platforms, 
the benefits of the change are considerable. 

We have recently completed the installation of such a system 
at Cookridge Hospital. 


Yours, etc. 
J B. Tuouv 
Medical Physics Department, 
Regional Radiotherapy Centre, 
Cookndge Hospital, 
Leeds LS16 6QB 


(Recelved May 1986) 


Retention of indium 111 by incinerator ash 


THE Eprroa-—Sik, 
While attempting to trace a ‘**Au grain lost during a 
radiotherapy implant ure, the 171 keV and 245 keV 
cascade y rays from !!^In were detected m samples of hospital 
incinerator ash. Indium 111 also produces a peak m its pray 
spectrum at 416 keV, corresponding to the summation of the 
separate cascade radiations, and detection of remnants of the 
gold grain was hindered by the similarity between this sum 
cen ea ee 
the zimilanty between the half-lives of !!!In and !**Au (67.2 h 
and 64.2 h, respectively). The clinical use of !!!In for in-vivo 
studies with radiolabelled blood cells and radiolabelled 
antibodies is increasing and, therefore, this retention of !!!In 
by incinerator ash was investigated further 
No radioactive waste was incinerated in the following week, 
during which the incinerator was cleared of ash after each 
burning. At the end of this penod, a sample of ash was 
retained to determine the background Approximately 3 MBq 
(80 uCi) of !!!In oxine was distributed through glass vials, 
Oe eee 
'In leucocyte labelling procedure. Two-thirds of the 
activity was in a 10 ml saline solution contained in a 15 ml 
plastic conical tube, similar to the redundant supernatant 
radioactivity formed by centrifuging a leucocyte suspension 
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after radiolabeling. This waste was loaded into a “sharps” 
box, which was then incinerated with the next day's hospital 
waste. Samples of the ash were collected and their !!!In 
activity was determined with a sodium-10dide well counter. 

There was no !!!In in the background ash sample and the 
mean concentration in the active ash samples was found to be 
1140.1 MBq m7? (29:3 pCi m^?) It was estimated that the 
total volume of ash formed from the day's burning was 
0.144: 0.02 m? and, therefore, 5+1% of the '!!In had been 
retained in the incinerator ash. 

The Radioactive Substances (Hospitals Waste) Exemption 
Order (1983) permits a maximum activity of 1.1 MBq (30 pCi) 
to be incinerated per day and permits a maximum activity of 
0.37 MBq (10 uCi) to be disposed in 0.1 m* of ash. 
Authorisation may be granted to a hospital to increase this 
daily mcineration limit. For the conditions of this study, the 
maximum activity in 0.1 m? of ash would be reached if an 
mcinerahon lmit of 7.4 MBq (200 C) per day had been 
authorised. For a different set of conditions, it may be possible 
to reach the maximum activity in 0.1 m? of ash with a lower 
authorised incineration luit. 

It was also concluded that retention of !!!In by memerator 
ash and its similar physical characteristics to ?!**Au must be 
borne m mind when searching for remnants of the latter in 
hospital waste. 


Department of Medical Physics, 
Kent and Canterbury Hospital, 
Ethelbert Road, 

Canterbury, 

Kent CTI ING 

(Recetved May 1986) 


REFERENCE 
THE RADIOACTIVE SUBSTANCES (HOSPITALS' WASTE) EXEMPTION 
Order, 1963. (Her Majestys Stationery Office, London), 
p. 3. 


Monitoring of staff weanng lead-rubber aprons 


THE Eprrog&—Sixz, 
Diagnostc radiologists at the Wlutungton Hospital have 
expressed concern regarding the personal monitoring of staff 
wearing lead-rubber aprons and the criteria for the designation 
of classified workers. This letter 1s a response to their request 
for clarification and an invitation to comment from other 
interested parties Where appropriate, 1 have used direct 
quotations from references in order to leave no room for 
ambiguity 

On the position of dosemeters, the International Commis- 
sion on Radiological Protection (CRP) (1982) states. 


“In special situations where installed shielding or protective 
clothing such as lead aprons provides significant attenua- 
tion of the incident radiation on some parts of the body, 
more than one dosemeter may be required In particular, 
the following advice applies in medical radiology, where the 
use of lead aprons is common. If a single dosemeter is used 
it should be worn outside of the apron, usually high on the 
trunk. The recorded result will provide mformation on the 


dose equivalent to the skin, eye and unshielded parts of the 
body (though not necessarily to the hands) but will over- 
estimate the effective dose equivalent. When the recorded 
values indicate annual totals approaching dose limits for 
effectrve dose equivalent or when reahstc estimates for 
effective dose equivalent are needed as in the optimisation 
of protection, this overestunation may be unacceptable, 
Two dosemeters should then be used, one over and one 
under the protective apron. The mterpretation of the 
combined results will have to depend on the local 
irradiation conditions and any regulatory requirements.” 


The current dose limits are grven in Schedule 1 (p. 35) of 
The long Radiations Regulations 1985 (HMSO, 1985). Part 
1 of this schedule relates to dose limits for the wholy body: 


"I. The dose Imut for the whole body resulting from 
exposure to the whole or part of the body, being the sum of 
the following dose quantities resulting from exposure to 
ionising radiation, namely the effective dose equivalent 
from external radiation and the commutted effective. dose 
equivalent from that year's intake of radionuclides, shall in 
any calendar year be— 


(a) for employees aged 18 years or over, 50 mSv 
(b) for trainees aged under 18 years, 15 mSv 
(c) for any other person, 5 mSv." 


Part 2 of this schedule refers to dose limits to individual 
organs only and is to be applied “without prejudice to Part 1". 
Part 3 is even more specific and relates to dose limits to the 
lens of the eye. This dose-limit schedule differs from that of 
Appendix B of the Code of Practice for the Proteciion of 
Persons Agamat Iomixing Radtations Arising from Medical and 
Dental Use (HMSO, 1972) m that the whole-body limit is 
applied to whole- or partial-body irradiation. 

The effective dose equivalent 1s defined as: 


Hg "m Lr WHr mSv 


where, suffix T is for a tissue or organ, H4 u the tissue or 
organ dose equivalent and W- is the tissue or organ weighting 
factor. Thus, 1f we are to arrive at an accurate interpretation of 
the recorded dose equivalent we need to calculate the effective 
dose equivalent, taking account of the individual organ dose 
equivalents It may well be posmble to arrive at an accurate 
assessment of the organ dose equivalents from an accidental 
exposure if there is sufficiently detailed knowledge of the 
conditions of irradiation. However, it is unlikely that such 
information will be available in the general case. 

What order of magnitude is the overestimate of the effective 
dose equivalent to a diagnostic radiologist when monitoring 
with a mngle dosemeter worn at collar level? Assume that 


(1) there are uniform irradiation conditions, 

(2) the kad apron covers the whole of the trunk and Hi, > 0, 

(3) the subject wears the dosemeter throughout the monitoring 
penod and 

(4) the dose recorded by the dosemeter 1s 1.15 mSv, this 
being 30% of the whole-body limit for one 28-day month and 
that this dose is the average tissue dose equivalent for each 
organ or tissue considered. 


Then, for H4 = 1.15 mSv, Wy for. thyroid = 0 03, red bone 
marrow = 0.06, bone (surfaces) = 0.015, brain = 0.06 and 
salivary glands = 0.06. The volume of red bone marrow and 
bone surfaces irradiated is reduced by about a half and so the 
W. values have been reduced accordingly. Therefore 
H, = 0 259 mSv and the dose recorded is thus 4 5 times larger 
than the effective equivalent dose. However, the assumpton is 
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that the irradiation was umform over the whole body; if it 1s 
not and the recorded dose level was not representative, we 
introduce further uncertainty which can increase or decrease 
this factor 

Thus, if we accept the advice of the ICRP (1977, 1982), then 
the following guidelines can be established. 


(1) A single over-apron dosemeter should be worn, high on 
the trunk, on the collar or on the shoulder (Palmer, 1985), 
such that it cannot be obscured by protective clothing. 
Additional dosemeters may be positioned, if required, for 
example under the apron and for extremity monitoring. It us 
not recommended that the recorded dose from the collar-level 
dosemeter ıs used as an assessment of eye dose (Jeans et al, 
1985). A more reliable estimate of eye dose may be obtalned by 
using, for example, a strap type extremity dosemeter, 
contaming a thermoluminescent material, fastened to the 
forehead with a surgical tape such as Micropore. 

(2) The annual dose limit to be used for employees wearing 
a lead apron and a single collar-level dosemeter should be that 
detailed in Schedule 1, Part 1 of Statutory Instrument No. 1333 
(HMSO, 1985), i.e. the whole-body limit 

(3) The results of over-apron collar-level monitoring should, 
in general, be assumed to reflect the effective equivalent dose 
for the whole body and should, without presudisce to extremity 
or eye momntonng, form the initial basis of whether to 
designate an employee as a classified radiation worker. 
However, it should be noted that, grven a set of reasonable 
assumptions as detailed above, the effective dose equivalent 
recorded could be 45 times too high, with obvious 
muplications for designation criteria. 

(4) Hence, 1f the dose recorded by an employee, from a 
single collar-level dosemeter, exceeds 3094 of any relevant dose 
limit, an optimisation study m the form of a more extensive 
monitoring programme to assess the dose equivalents to other 
exposed radiosensitrve organs or tissues, not included in other 
dose equivalent limits, should be undertaken in order to 
estimate more accurately the effective equivalent dose and thus 
confirm or reject the designation of the employee. 

I wish to thank Dr C. Doust of the Whittington Hospital 
Medical Physics tand Dr M C Thorne, Scentific 
Secretary to the ICRP, for many helpful comments and 
suggestions. 

Yours, etc., 
J. R- Jones 
Medical Phyncs Department, 
The Whittington Hospital, 
London N19 SNF 
(Recetved May 1986) 
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A preliminary study of the possible benefits of using 
carbon dioxide insufflation during double-contrast 
barium enema 


THE EprTor—Sir, 

We read with interest the article by Grant et al (1986), because 
we too recently completed a double-blind trial to assess patient 
discomfort following double-contrast barium enema (DCBE) 
using CO, versus room-air insufflation (Coblentz et al, 1985) 
Contrary to their findings, we found both a clinically and 
statistically significant reduction in pain after DCBE when 
CO, was used. 

The difference in our result can be explained by the time 
interval after which the follow-up questionnaire regarding pain 
was completed. As Grant et al pomt out, 30 min may be too 
short a time to wait. Our follow-up questionnaire was 
presented by telephone 12-24 h after DCBE, and in those 
patients who experienced pain, the mean time of onset was 2 h. 

We believe that immediate patient discomfort is relieved by 
the antispasmodics which were routinely given both in our 
study and in that by Grant et al. If the question was asked 
some time later, then we believe their findings would confirm 
ours that 30% of patients wil complain of clinically 
significant pam following DCBE with room-air versus only 
10% of patents having CO, insufflation (p < 0.05). 

We administer the CO, by a simply constructed and easily 
used device (Bermer & Coblentz, 1986). The cost of CO, is 
trivial Because of its case of use and because it reduces pein 
after DCBE, we routinely use CO, in our department. 

Yours, etc., 
CRAIG COBLENTZ 
Department of Radiology, 
Faculty of Health Sciences, 
McMaster University, 
1200 Main Street West, 
Hamilton, 
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(Authors! reply) 


THe Eprrog —Sm, 
The findings by Coblentz et al supported our initial clinical 
impression that CO, reduced the unpleasant side-effects of 
double-contrast barium enema examination. The basis for this 
was the very rapid absorption of CO, compared with that of 
air All available studies indicated that there would be a 
significant difference within a period of 30 min. 

We were rather surprised to find, either clinmscally or by 
rough assessment, that there was no obvious difference at that 
time m the volume of gas remainmg in the bowel as shown on 
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the plain radiograph. It is obviously essential to increase the 
time span of the study, as it now appears that to demonstrate a 
difference between. CO, reabsorption and air needs hours 
rather than minutes. 

The assessment of abdominal pain or discomfort is a difficult 
and tenuous subject. It would be preferable to relate any 
subjective finding to the volume of gas remaining in the bowel 
to prove the relationship in any future study. 

Yours, etc., 
D. S. GRANT 

C. Il. BARTRAM 
Department of Radiology, 
St Mark's Hospital, 
City Road, 
London ECIV 2PS 
(Received April 1986) 


A comparison of simplified and standard methods 
for the measurement of glomerular filtration rate and 
renal tubular function 


THE Eprror-—Sir, 

Notghi et al (1986) have performed a carefully designed study 
comparing the precision and accuracy of different methods of 
measuring renal clearance. However, their conclusion, that the 
methods involving limited plasma sampling following the 
intravenous injection of a suitable radioactive tracer are too 
inaccurate and unreproducible for clinical use, is at variance 
with much of the current literature on this subject and also 
with our own experience. The problem would appear to lie 
with the potentially doubtful accuracy and precision of the 
"gold standards" used for the measurement of glomerular 
filtration rate (GFR) and effective renal plasma flow (referred 
to in the paper as tubular secretion rate), jie. inulin and para- 
aminohippurate clearance (PAH), respectively. This situation 
regularly crops up in the assessment of new, and hopefully 
better, analytical methods where even a perfectly precise and 
accurate method will not "look good" when correlated against 
an inaccurate and/or imprecise "gold standard". 

Considering the detailed findings of Notghi et al, the best 
correlation observed by the authors was that for GFR 
measured using subcutaneously injected ‘'?°I-iothalamate 
against GFR measured by inulin clearance (their Fig. 1). Both 
measurements were made by the classic "UV/P" method, using 
urine collections from 1—2 h and 2-3 h after tracer injection. 
Because the hourly urine collections, V, are common to both 
the radioactive and stable tracer measurements, if V is 
inaccurate both methods will give inaccurate results. However, 
as the two results would be affected proportionately, this will 
not affect the correlation between them. Therefore, it is 
possible for a good correlation to be obtained when neither of 
the methods being compared is necessarily accurate. If the 
authors had correlated the 1-2 h '*]-iothalamate results 
against the 2~3 h inulin results or vice versa, then they would 
obtain a better estimate of the correlation between independ- 
ent measurements. The fact that they do have two consecutive 
estimates for both '?*I-iothalamate clearance and inulin 
clearance should allow paired comparisons of the 1-2 h and 
2-3 h measurements, which would provide an estimate of the 
reproducibility of both methods. If the reproducibility of either 
or both methods is poorer than expected, then this would 
explain why the scatter about the regression line in their study 
is greater than that seen in the original reference source for the 
'25T-iothalamate method (Israelit et al, 1973). 


Considering the correlation of GFR, measured by a double 
plasma sampling method against inulin clearance (their Fig. 2), 
the standard deviation of the residuals (SDR) would appear to 
be greater than 30 ml/min. In a recent comparison of other 
renally filtered tracers, 125] or '3'[-diatrizoate, with inulin 
clearance, Tauxe (1986) obtained an excellent correlation with 
a SDR of 5.9 ml/min. In this instance, the GFR values 
obtained using the radioactive tracers were calculated by fitting 
a two-compartment model to plasma radioiodinated diatri- 
zoate disappearance curves out to 3 or 4h after injection. 
Tauxe also showed that when the GFR was predicted from the 
plasma tracer activity at 3h only, the SDR when compared 
with the results obtained using the whole disappearance curve 
was 7.1 ml/min. Several other workers (Morgan et al, 1977; 
Constable et al, 1979; Russell et al, 1985) have all compared 
one- or two-sample methods with analysis of the whole plasma 
disappearance curve and reported SDR values not greater than 
10 ml/min for various filtered tracer, ie. °'Cr-EDTA, ??Tc^- 
DTPA and !5?yb-DTPA (in the case of 9°Tc™-DTPA, 
correction was made for in-vivo plasma binding (Russell et al, 
1983)). In our own laboratory, we have measured GFR in 47 
patients using a two-compartment model to fit the plasma 
disappearance curve of intravenously injected *! Cr-EDTA out 
to 3h. When we apply the one- or two-sample prediction 
formulae provided by Morgan, Constable, Russell and their 
coworkers, the SDR relative to analysis of the whole plasma 
disappearance curve ranges from 4.2 ml/min to 7.5 ml/min for 
a single sample at 3h or two samples in the 1-3 h interval. 
Therefore, the conclusion of Notghi et al, that the "critical 
limitation of this approach (i.e the limited plasma sample 
approach) is the cumulative crudity of the mathematical 
approximations involved" is not supported by the findings of 
either ourselves or other workers. 

Finally, in Fig. 3 of their paper, Notghi et al present the 
correlation of effective renal plasma flow (ERPF) measured by 
a two-plasma sample method with the "gold standard" 
method of PAH clearance where the SDR would appear to be 
greater than 200 ml/min. This has to be compared to the value 
of 33.5 ml/min obtained by Tauxe etal (1971) when 
correlating ERPF calculated from a compartmental analysis of 
"Lorthoiodohippurate disappearance curves with PAH 
clearance. That study and the others listed above have shown 
that, when one-sample estimates of ERPF are correlated with 
the ERPF obtained by analysing the whole curve, then the 
SDR is less than 46 ml/min. 

Therefore, despite careful design, it would seem that a 
substantial part of the scatter seen in the method comparison 
plots of Notghi et al must result from the poor reproducibility 
of some of the methods used for estimating GFR, particularly 
the "gold standard" methods. Unless the authors can prove 
that the reproducibility of their "gold standard" methods is 
acceptable, e.g. around 5%, we do not feel that they are 
justified in implying that the limited plasma sample techniques 
for measuring GFR and ERPF are insufficiently accurate or 
reproducible. 

Yours, etc., 
W. S. WATSON 
H. DOBSON 
R. HUME 
Departments of Nuclear Medicine, Radiology 
and Medicine, 
Southern General Hospital, 
Govan Road, 
Glasgow 
(Received March 1986) 
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Author's reply 


THe Eptror—Sir, 
We read with mterest the letter of Dr Watson and his 
colleagues. We quite agree with their comment that there is no 
“gold standard” for measurement of filtration rate 
(GFR) and have even greater doubt about the validity of PAH 
clearance measurement, We, however, considered comparison 
with inulin and PAH justifled on account of the historical 
dependence of renal function measurement on those methods, 
for which, so far, there is no universally accepted replacement. 
The problems with most new methods arise when they are 
applied for clinical purposes outside the strictly controlled 
laboratory conditions in which they were introduced. It was 
for thus reason that we chose to use clinically convenient 
sampling periods. ihi etre) inte Sei grin rm Supers ien 
over an extended period, which permit the time—clearance 
curve to be accurately delineated, are well validated. The 
question was whether the simplifications which have been 
proposed are sufficiently reliable to be clinically useful. 
When we compared iothalamate with inulin clearance, we 
chose to compare the same hourly periods to avoid introducing 
the additional factor of inaccuracy in urine collection during 
consecutive collections. When reproducibility of these methods 


1s tested, 1n addition to methodology, changes in human renal 
function with rest, emotion, food, posture, disease and diurnal 
variation make consecutive less meaningful, even 
during a comparatively short period of a few hours. For this 
reason we chose to compare the changes detected by two 
methods rather than looking into reproducibility of data over 
two consecutive measurements by the same method. 

As no method of estimation of GFR and renal blood flow 
has yet emerged which 1s clearly superior and easy to perform,, 
creatinine clearance will probably continue to be widely used 
as a convenient method for follow-up of renal function in 
clinical practice. 


Yours, etc., 
A. NoOTGHI 
M. V. MERRICE 
C. FERRINGTON 
J. L. ANDERTON 
Medical Radioisotope Department, 
Western Genera! Hospital, 
Edinburgh EH4 2XU 


(Received March 1986) 


A comparison of simplified and standard methods 
for the measurement of GFR and renal tubular 
function 


THe Eprror—sSm, 

Notghi et al (1986) reported a comparison of the classical 
measurements of glomerular filtration rate (GFR) and effective 
renal plasma flow (ERPF) using a constant infusion of inulin 
and pera-anunohippurate (PAH) with plasma and urine 
collection, with a simplified procedure for the measurement of 
GFR and ERPF employing mtravenous administration of two 
radiopharmaceuticals and the taking of two blood samples 
which was developed in our department (Smart et al, 1981). 
The results of Notgh: et al did not appear to support the use of 
the mmplified procedure as a replacement for the classical 
clearance measurements of inulin and PAH. 

Several comments on the study of Notgh et al need to be 
made Our reported method for GFR determination employed 
3!Cr-EDTA as the tracer, while Notghi employed des 
DTPA. Renal clearance measurements using "!:Cr-EDT. 
compare well with £imultaneously performed aa 
clearances (Garnet et al, 1967; Lavender et al, 1969). Further- 
more, the renal clearance rates have been shown to be 
accurately determined by momtoring the pldsma clearance of 
intravenously administered ?! Cr-EDTA (Bróchner-Mortensen 
et al, 1969, Vögeli et al, 1971). Hilson et al (1976) proposed 
99Tc"-DTPAÀ as an alternative radiopharmaceutical for the 
measurement of GFR. However, later authors have reported 
significant problems when using **Tc*-DTPA similar to those 
expenenced by Notgh et al. Carlsen et al (1980) reported 
markedly different results using preparations of DTPA from 
four different manufacturers; Russell et al (1983) reported 
significant protein-binding of the "*Tc"-DTPA; and our own, 
unpublished results indicate variations in *?Tc"-DTPA 
clearance with pertechnetate from different manufacturers 
Although ??Tc"-DTPA is used in our institution for renal 
maging and for the determination of relative renal function, 
we continue to use ?! Cr-EDTA for the measurement of GFR 
because of the variable m-vivo behaviour of ??Tc"-DTPA. 
Furthermore, the "gold standard" used by Notgh: et al for 
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GFR, the renal clearance of inulin, mvolves the chemical 
determination of imulin. The authors noted that the 
reproducability of their mulin measurements was poor, which 
undoubtedly accounted for part of the vanability in ther 
results 

Our method for the determination of GFR and ERPF from 
only two samples involved calculatmg a clearance rate, F, 
assuming a single exponential clearance, and then applying an 
empirically derived. correction factor to account for the true 
multiexponential nature of the clearance curves. Our regression 
equations for GFR and FRPF were: 


GFR = 1.0+0.9 F 
ERPF = 5.0+0.875 F—0.469 x 107? F? +0.127 x 10 5 P? 


Notghi et al have calculated the clearance rate but do not 
appear to have corrected their values to account for the 
overestimation of the clearance rate by the monoexponential 
assumption. They, m fact, comment that they found higher 
values for the !''I-orthoiodohippurate (OTH) clearance than 
for the PAH clearance Thus is to be expected if the two-sample 
method is used without applying the above corrections 

We maintain that if °'Cr-EDTA 1s employed for the 
measurement of GFR and if !**[-OIH, wrth minimal free !??], 
is employed for the measurement of ERPF, together with the 
corrections to the clearance rates, accurate and reproducible 
measurements will be obtained 


Yours, etc., 
R C. SMART 
N. R Lyons 
Nuclear Medicine Department, 
The St George Hospital, 
Belgrave Street, 
Kogarah, 


2217 New South Wales, Australia 
(Recerved May 1986) 
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technique and by means of a standard clearance technique in 
chikiren Acta Paediatrica Scandinavica, 60, 528—532. 


Acute angioneurotic oedema following a barium 
meal 


THE Eprrog— Sm, 

We would hke to report what is almost certainly an 
uncommon reaction to Buscopan (hyoscine-N-butylbromide, 
Boehringer Ingelheim) which we use as a routine hypotonic 
agent for double-contrast barium meals 


CASE REPORT 

A 70-year-old man with a long standing sderoblastic 
anaemia was admitted with a chest infection and upper 
abdominal discomfort. He was treated with phymotherapy and 
oral ampicillin and several days later, when he had recovered, 
a berium meal was performed. One hour after the barium 
meal, during which 20mg Buscopan was administered 
intravenously, he developed large (up to 6cm x 6 cm) patches 
of urticana and angioneurotic oedema on his limbe and face. 
He had no respiratory difficulty. His antibiotic was stopped 
and he was treated with chlorpheniramine (Piriton, Allen. & 
Hanburys Ltd) and prednisolone following which his lemons 
disappeared over 3 days No chronic sequelae developed. For a 
subsequent mfection he was treated with aziocillin (a penicillin 
derivative) with no untoward effect. He had no history of 
previous allergic reactions 

Buscopan 1s used as the routine hypotonic agent for double- 
contrast barium studies in many centres, the usual dose being 
20-30 mg intravenously (Hunt & Anderson, 1976). It is an 
anticholinergic agent acting on parasympathetic ganglia and 
the common unwanted effects include loss of accommodation, 
dryness of the mouth, tachycardia and urinary retention 
(Kreel, 1975; Hunt & Anderson, 1976). Sensitivity to Buscopan 
1$ very rare and we have been able to find only one case 
recorded in the literature. Robinson and Teeling (1982) 
describe a patient who developed angioneurotic oedema i 
week after starting an oral course of Buscopan They felt that 
although the clinical pscture of their patient would suggest an 
immediate-type hypersensitivity, the tmung was more in 
keeping with an Arthus reaction. The reaction of our patient is 
typical of an immedate-type hypersensitivity, by both its 
timing and nature. It is likely that there was an interaction by 
another environmental agent related to the recent chest 
infection. The possibility of reaction to banum is remote since 
insoluble barrum sulphate 1s not absorbed, although Gelfand 
et al (1985) indicate that additives to the banum suspension 
may be responsible for the very rare reactions that are seen 
They also reported probable reactions to the other commonly 
used hypotonic agent, glucagon. 

In our patent the lack of reaction to another penicillin 
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makes it difficult to implicate ampicilun. The patient was 
unwilling to be tested intradermally for reaction to Buscopan 
for fear of a severe reaction. 

We believe that, although this possible reaction to Buscopan 
is rare, it should be recorded and made known. 


Yours, etc., 
A. M. K. THOMAS, 
*A. M. KUBE 
*R. P. BRITT 
Departments of Radiology and *Haematology, 
Hillingdon Hospital, 
Uxbridge, 


Middiceex UB8 3NN 
(Recerved April 1986 and in rensed form May 1986) 
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Monitoring of persons not designated as classified 


workers 


(Memorandum from the BIR Radiation Protection Committee) 


Both the current (1972) Code of 
Practice for the Protection of Persons 
Against lonising Radiations Arising 
fram Medical and Dental Use and the 
lonising Radistons Regulations 1985 
require that persons occupationally 
exposed to ionising radiations shall be 
designated as classified workers unless 
"rt is moet unlikely that they will exceed 
three-tenths of any maximum permis- 
sible dose" (1972 Code) or three- 
tenths of the relevant dose limit (Jonis- 
ing Hadiations Regulatrons) 

In the past, the distinction between 
the two categones of occupationally 
exposed persons tended to be indls- 
tinct, es attempts to place workers in 
the undesignated category required a 
value judgment to be made in each 
case As a re&uit, before the Euratom 
Directrve of 1974 rt was customary in 
many cases for hospitals and employing 
authonties to take the line of least 
resistance and treat all occupationally 
expoeed persons as though they were 
designated. The gradual realisation of 
the implications of the /onising Radia- 
tions Regulations, with their require- 
ment for regular medical examinations 
of classihed workers and for the main- 
tenance of radiation records by a 
laboratory approved for the purpose by 
the Bntrsh Calibration Service, has led 
to a re-examination of the situation, 
with the result that the application of 
the three-tenths rule has meant that the 
great majortty of workers in the National 
Health Service and in other hoeprtais 
and in medical laboratones who are 
occupationally exposed to radiation and 
who were previously designated as 


classified workers are already, or shortly 
will be, de-destgnated. 

Concem has been expressed that this 
situation might lead employers to stop 
the monitonng of theee workers, 
partcularly at a time when health 
authorities are increasingly having to 
decide between undesirable alternatives 
in reetncting funding. Without definitive 
statutory guidance by the new /onísing 
Radiations Regulations on a need for 
continued monitonng and record-keep- 
Ing, it is clear that resource will not 
necessarily be made avallable for this at 
individual district heafth authonty level 

A central facility for monitonng of 
occupationally exposed persons dates 
from the 1940s, when the Natonal 
Physical Laboratory provided a radia- 
tion monrtonng film service, later taken 
over by the Radiological Protection 
Service (RPS) at Sutton Due to the 
Inherent level of fog — which 
characterises the processing of photo- 
graphic films, tn the early days of the 
monitonng film service operated by the 
RPS, the threshold of measurement was 
onginally set at 60 mrem (600 uSv), 
being changed to 20 mrem (200 uSv) 
In November 1959 During this penod, 
due to dramatic improvement In 
standards of radiation protection, the 
recorded doses for occupational 
exposure to radiation fell rapidly and 
this reduction continued into the early 
and middie 19608 The adoption of 
thermolumineecent dosemeter monitor- 
ing by some departments has resulted in 
elimination of this threshold and, thus, 
for the first time, the presentation of an 
accurate picture of occupational 
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exposure pattems among medica! 
workers. 

A problem therefore anses in the case 
of persons monitored with films that, 
before November 1959, there is a 
spunous threshold dose of up te 
1300 mrem (13 mSv) recorded 
annually as occupational exposure for 
persons monitored on a fortnightly 
basis, and since November 1959 of up 
to 520 mrem (5.2 mSv). The situation 
i further complicated by the fact that, 
in addition to the RPS service, now 
provided by the National Radiological 
Protection Board (NRPB), there are 
about 27 radlation monitoring services 
operating in the medical sector in the 
Unrted Kingdom and theee will have 
had, from time to time, many different 
conventions of recording and reporting 
doees. 

Despite the imitation of the quality of 
the data, the BIR feels that rt would be 
unwise to dispose of any recorded data 
relevant to occupational exposure, 
whether for persons now deeignated as 
classified workers or as other persons. 
Only by keeping such records will it be 
possible to carry out retrospective 
studies of the effects of occupational 
exposure upon health dating from times 
when radiological protection standards 
were less stringent than today. With 
regard to records of present and future 
doses ansing from the monitonng of 
non-deelgnated persons, it must be 
made clear that in the context of the 
ionising Radiations Regulations 1985 
the term "records" has a specific legal 
significance far in excess of what we 
would visualise as being required to 
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furnish the Information necessary to 
establish annual cumulatrve dose 
records of non-designated persons 
Since, for these persons, it ts necessary 
to determine an action level, below any 
dose equivalent limits, at which an 
Investigation ts  [nitiated, one could 
specify that records are kept of doses at 
this level and above. It follows that if 
this level is, for example, 500 uSv 
(60 mrem) and the person concemed is 
subject to monthly monrtonng, then 
they cannot exceed an annual 8 mSv 
(600 mrem) without being investigated 
on at least one occasion, and could 
then be included in a simple record- 
keeping system. One could say with 
certainty that the workers for whom 
records were not maintained never 
exceeded this particular annual cumula- 
tive dose. If required, the Investigation 
level could be set lower, bringing into 
force the mechanism for generating a 


American Journal of 
Physiologic Imaging 


This is a new quarterly journal publish- 
Ing onginal work regarding the efficacy 
of imaging modalities, and review 
articles. The publishers intend to cross 
traditional disciplinary lines and to 
provide an academic forum for 
physicians involved in both direct and 
Indirect patient care, and reeearch 
scientists. It is aimed at those intereeted 
In the study of physiology and patho- 
physiology using imaging techniques. 
The first issue of the journal runs to 
b8 pages and carries six research papers, 
for axample on "Hepetobillary imaging. 
the diagnostic use of Intravenous mor- 
phine in fasting patients" and “The 
preliminary evaluation of Mn DTPA as a 
potential contrast agent for nuclear 
magnetic resonance imaging", es well 
as two “current concept” review 
articles The journal is well designed 
and carries high-quality reproductions 
ISSN 0886-8276, $96 in US, $107 
outside US (Alan R Liss, New York). 


Press releases 


New duplex soanner permits real- 

time measurement of blood flow 

In response to the growing demand for 
low-cost, dedicated penpheral vascular 
duplex imaging, Sonicaid's. develop- 
ment department has evolved imaging 
electronics to a high level of perform- 
ance, integrating Doppler with high- 


new record for the person concemed It 
is, however, important that any initiative 
to set up this simple system ts not 
diminished through attempts to intro- 
duce complax arrangements for record- 
keeping. We would hope that resource 
would be made available by health 
authoritles to provide such a simple 
system as can be managed on stand- 
alone microcomputers, which exist in 
most depertrnents. We therefore make 
the following recommendatons 


(1) No existing radiation dose records 
or raw data which will allow greater 
refinement of radiation dose 
estimates of persons occupationally 
exposed to radiation in the past 
should be destroyed 

(2) Although no longer required by 
statute, — monitonng procedures 
should be maintained for 
undeelgnated persons who are, In 


resolution imaging. First production 
units of the new equipment, Vasoview, 
are scheduled for demonstrations in the 
summer of this year in the USA and 
Westom Europe The scanner presenta- 
tion uses 268 grey scales, which greatly 
improves the resolution between 
diferent tseue types, permitting 
charactensation of plaque morphology 
Doctors and radiologists will value the 
easier interpretation resulting from an 
Image focused over the entire fiald-of- 
view, | providing untform — high- 
resolution The investigation of carotid 
arteries, and the arteries and veins in the 
upper and lower limbe, should be 
facilitated by this compact diagnostic 
system, which also offers an integral 
hand-held CW Doppler. 

For the duplex Doppler system, 
Sonicaid has decided on the wide gate 
approach, since this has the extended 
frequency response to permit detection 
of high-frequency shifts in tight 
stenoses, and is neceeeary for insonat- 
ing the entire vessel to obtain con- 
tinuous measurement of blood flow and 
velocity The company Intends soon to 
introduce pulsed Doppler as an option 
for users requinng volume element 
measurement, 

Measurement of blood flow in real- 
time, as provided by Vasoview, is an 
Innovation made possible through 
Sonicald's own spectrum analyser and 
use of a high-speed 32-bit micro- 
processor. The mean velocity of the 
blood is calculated in real-time and 
multiplied by the vessel! cross-sectional 
area Careful application of tho latest 
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the generally understood meaning, 
“radiation workers". This wouid 
include all staff In imaging and 
radiotherapy departments currently 
monitored. 

(3) Consideration should be given to 
the feasibility of carrying out 
dose/mortality studies on radio- 
graphers (and poesibly hospital 
physicists) employed before 1960, 
as the occupational radiation 
exposures were higher in earlier 
days than more recently and any 
adverse effects are more likely to be 
discovered in this group than in 
current employees 

(4) Health authorities should be 
directed to provide resource for the 
maintenance of simple records of 
radiation exposure of all workers at 
present monitored 


technology has created a sophisticated 
instrument which is, none the less, 
simple to operate Further details are 
available from Sonicaid Limited, Quarry 
Lane, Chichester, West Suseex PO19 
2LP 


A new revision for Hewlett-Packard 
Company's phased-aray ultrasound 
Imaging systen (Model 77020) is 
designed to improve image quality, 
particularly for radiology, obstetncs/ 
gynaecology, abdominal, neonatal and 
shared clinical services applications 
The manufacturers say that clinical trials 
showed as much as 3096 improvement 
in Image quality as a result of this 
revision. 

The improvements are the result 
of several advanced technological 
enhancements A digital image-procees- 
Ing technique has been incorporsted to 
produce superior tissue differentiation 
Because the signal-to-noise ratio is 
Improved, the image has greater detail 
and clarity. in addition, an operator now 
can change the ultrasound beam forma- 
tion by varying the transducer s transmit 
focus, this permits the operator to 
optimise resolution at specific regions 
of clinical interest. 

For further Information please con- 
tact. Louise Blakeborough, Medical 
Products Group, Hewlett-Packard 
Limrted, Harman House, No 1 George 
Street, Uxbndge, Middlesex UBB 1YH 
(Tel. 0896-72020). 
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Library news 


The BIR Library is open weekdays 
9 a.m.-5 p.m. (7 p.m. on 
Thursdays) 


The Librarian, Mrs Gunnel Ingham, is in 
attendance Tuesdays 11a. m.-5p.m., 
and Thursdays 11 a.m.-7p.m., and Mrs 
Angela Lansdown, daily 9a.m.-5p.m. 
(Tel. 01-580 4085). 

The journal stock includes more than 
100 titles. Though journals may not be 
taken out of the library, there is a 
photocopy service, aíso available by 
post. A list of current journals is 
available on request and is also 
published in the March and September 
issues of the Bulletin. 

Most books (excepting the historical 
collection) are available on loan. 


Recent additions to the Library 

National Health Service Training 
Authority: Better management, better 
health. (Management education and 
development review.) 1986 

Rossetti, G.: Double-contrast radiology 
of the oesophagus. 1985 

Sanders, R. C. & James, A. E. (Eds): 
The principle and practice of ultra- 
sonography in obstetrics and 
gynecology. 3rd edit. 1985 

Serjeant, G.R.: Sickle cell disease. 1985 

Spindola-Franco, H. & Fish, B.G. 
Radiology of the heart. 1985 





BIR calendar 
events 


Unless otherwise indicated, enquiries 
about the following events should be 
addressed to the Assistant Secretary: 
Programme, British Institute of 
Radiology, 36 Portland Place, London 
WIN 3DG (Tel. 01-580 4085). 

The meetings are at 36 Portland Place 
unless otherwise stated. Attendance is 
open to non-members. 


Accelerated Fractionation and 
Hyperfractionation: experimental 
and clinical 

November 14, 1986 at 11 a.m. 
Organised by the Radiobiology Sub- 
committee. To conclude with the 
Silvanus Thompson Memorial Lecture: 
"Cancer--the failure of treatment" by 
Dr R. H. Thomlinson. 


Diagnostic and Therapeutic Uses 
of Radioisotopes in Oncology 
November 26, 1986 at 10.30 a.m. 

All day meeting organised by Nuclear 
Medicine Subcommittee. 

Chairmen: Professor R. J. Berry and Dr 
R. T. D. Oliver. Speakers: Dr |. Fogel- 
man, Dr A. Laing, Dr D. M. Ackery, Dr 
N. W. Garvie, Dr M. Granowska, Dr A. 
Epenetos, Dr S. Clarke, Dr P. N. 
Plowman and Dr V. R. McCready. 


Practical Aspects of Magnetic 
Resonance Imaging 

January 14, 1987 

Middlesex Hospital Medical School, 
London 

Joint BIR/RCR meeting. 


Uroradiology Update 

January 15, 1987 at 5.30 p.m. 
Chairman: Dr D. Rickards. Speakers: Dr 
D. Rickards, Dr J. Pemberton, Dr 
C. E. L. Freer, Mr G. Watson, Dr R. 
Johnson, Dr W. Lees, Professor D. J. 
Allison. 

Joint BIR/RCR/RSM meeting. 


Radionuclide Investigations of the 
Lung 

February 11, 1987 

Joint IPSM/BIR (Nuclear 
Subcommittee) all day 
organised by IPSM. 


Medicine 
meeting 


All day non-topic proffered papers 
meeting 

February 13, 1987 

Joint ARR/BIR (Radiobiology 
Subcommittee) meeting organised by 
the Association for Radiation Research. 


Picture Archiving and 
Communications Systems 

February 25, 1987 

Venue to be announced 

Chairman: Professor L Isherwood. 
Topics will include image display, 
image transmission and image storage. 
All day meeting organised by Industry 
Committee. 


Annual General Meeting 
May 14, 1987 at 4.30 p.m. 


Imaging in Radiotherapy 

May 15, 1987 

Chairmen: Dr D. Thwaites and another 
to be announced. 
Joint IPSM/BIR all 
organised by IPSM. 


day meeting 
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Advance Notice 


RCRUM 


British Institute of Radiology 45th 
| Annual Congress, incorporating the 

joint BIR/RCR/RSM (Section of 

Radiology) spring meeting 


RADIOLOGY '87 


| University of Southampton 
| April 1-3, 1987 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| The Congress will cover all aspects 
| of radiology—-X-ray X diagnosis. 
| radiotherapy, radiation oncology, 
| nuclear medicine, ultrasound, NMR, 
| radiological physics, radiobiology, 
i 
| 
| 
| 
i 
| 
i 
| 
f 


radiation protection and related dis- 
| Ciplines and is expected to include: | 


The BIR Mackenzie Davidson 
| Memorial Lecture, by Professor M. J. 
| Peckham, “The clinical biology of 
testicular germ cell tumours" 
The BIR Mayneord Lecture (spon- 
sored by 3M UK plc), by Dr Frances | 
| Fry, "Chernobyl reactor accident— | 
the impact on the United Kingdom" | 
The RCR George Simon Lecture, by | 
| Dr J. C. Batten 
| The BIR Presidential Address, by 
Professor R. J. Berry, "The Institute | 
at 90—-a time for reappraisal?” | 


| The BIR Annual Dinner will be 
i held at the Polygon Hotel, 
i Southampton, on April 2. 


| 
| 
| 
| 


| 
Proffered papers and posters are | 
| invited. Please apply to BIR for form. | 
| Absolute closing date for receipt of | 
| completed proffered paper forms is | 
! November 30, 1986. | 
. For further information please 

| apply to the Assistant Secretary: | 
| Programme, The British Institute of 

| Radiology, 36 Portland Place, 

| London WIN 3DG (Tel. 01-580- 

| 4085). 


Dysphagia and Disorders of 
Swallowing 

May 20, 1987 

Royal Society of Medicine, London 
Joint RSM/RCR/BIR all day meeting to 
be organised by the RSM. 


Conversazione 
May 20, 1987 
Royal Naval College, Greenwich 


BIR Bulletin 


Meetings and 
courses 


As a service to our readers, the title, 
date and place of meetings and contact 
address will be inserted free of charge: 
any additional information will be 
charged at £1.75 per printed line, per 
insertion. Please contact the Managing 
Editor. 


Public Perception of Radiation 
October 14, 1986 

City Conference Centre, London 
Further details: Programme Committee 
Secretary, Professor J.H. Martin, 
Department of Medical Biophysics, 
Building 15, Park Wynd, University of 
Dundee, Dundee DD1 4HN. 


Radiology Update 

November 7-8, 1986 

Cape Town, South Africa 

Further details: Prof. B. J. Cremin or 
Mrs Elliot, Postgraduate Medical 
Centre, UCT Medical School, Observa- 
tory 7925, Cape Town, South Africa 
(Tel. 021-47 1250). 


6th International Conference on 
Otorhinolaryngology: latest 
advances in imaging 

November 20-22, 1986 

Barcelona, Spain 

Further details: Dr C, R. Guirado, The 
Institute of Radiology, Muntaner, 239, 
Ento A, 08021 Barcelona, Spain 
(Tel. 010 343-200 3200). 


The Biological Effects of lonising 
Radiation 

November 24-25, 1986 

Royal Postgraduate Medical 

Hammersmith Hospital, London 
Further details: Dr Gari Donn, 8 
Buckingham Road, Brighton, East 
Sussex BN1 3RA (Tel. 0273-202516). 


School, 


Age-Related Factors in 
Radionuclide Metabolism and 


Dosimetry 

November 26-28, 1986 

Angers 

Further details: Dr G.B. Gerber, 
Commission of the European 


Communities, DG XII/FI, Rue de la Loi 
200, B-1049 Brussels, Belgium (Tel. 
02-235 40411. 


Symposium on Isotope Imaging in 
Clinical Practice 

November 28, 1986 

Glasgow 

Further details: Dr A. D. Beattie, Royal 
College of Physicians and Surgeons of 
Glasgow, 234/242 St Vincent Street, 
Glasgow G2 5RJ. 


The British Medical Ultrasound 
Society 18th Annual Scientific 
Meeting 

December 16-18, 1986 

University of Warwick, Coventry 
Further details: Mrs L. Blench, Genera! 
Secretary, BMUS, 36 Portland Píace, 
London WIN 3DG (Tel. 01-636 3714). 


Meeting of the International 
Working Party for the Diagnosis 
and Treatment of Carcinoma of 
the Cervix in Developing Areas 
January 23-29, 1987 

Calcutta 

Further details: Dr Margaret Snelling, 7 
Elm Place, London SW7 3QH. 


Advanced Course in Diagnostic 
Imaging 

February 8-13, 1987 

Singapore 

Further details; Professor Lenny Tan, 
Academy of Medicine, PO Box 694, 
Tiong Bahru Post Office, Singapore 
9116, Republic of Singapore. 


Computed Body Tomography 
1987: the cutting edge 

March 5-8, 1987 

Peabody-Orlando Hotel, Florida, USA 
Further details: Program Co-ordinator, 
Office of Continuing Education, Turner 
22, 720 Rutland Avenue, Baltimore, 
Maryland 21205, USA (Tei. 301-955 
5880). 


British Nuclear Medicine Society 
Annual Congress 

April 12-15, 1987 

imperial College, London 

Further details: Mrs A. Taylor, BNMS 
Conference Secretary, 22 Leinster 
Avenue, East Sheen, London SW14 
TIP: 


The Finzi Lecture 

April 15, 1987 

Royal Society of Medicine, London 
“The solitary pulmonary nodule” by Dr 
S. Segalmann. 

Further details: RSM. 


3rd European Symposium on 
Radiopharmacy and Radio- 
pharmaceuticals 

May 1-4, 1987 

Elsinore, Denmark 

Further details: Elisabeth Norbygaard, 
The Isotope Pharmacy, 378 
Frederikssundsvej, DK-2700 Brønshøj, 
Denmark. 
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Conference on Health Effects of 
Low Dose lonising Radiation— 
Recent Advances and Their 
Implications 

May 11-14, 1987 

Royal Institute of British Architects, 
London 

Further details: The Secretariat, British 
Nuclear Energy Society at the 
Institution of Civil Engineers, 1-7 Great 
George Street, London SW1P 3AA (Tel. 
01-630 0726). 


17th Annual Fleischner Society 
Symposium on Chest Disease 

May 21-23, 1987 

San Francisco, USA 

Further details: Nomi Feldman, 3770 
Tansy, San Diego, CA 92121, USA (Tel. 
619-453 6222). 


VI Congress of the European 
Association of Radiology 

(ECR '87) 

May 31~June 6, 1987 

Lisbon, Portugal 

Further details: Secretariat ECR ‘87, 
SPRMN, Av, Elias Garcia, 123-7° DTo, 
1000 Lisboa, Portugal, (Tel: 77-05 30, 
Telex 62074 SPRMN P). 


College of Radiographers' Annual 
Conference 

July 1-3, 1987 

Scarborough 

Further details; Miss C. Aldridge, 
College of Radiographers, 14 Upper 
Wimpole Street, London W1M 8BN 
(Tei. 01-935 5726, ext. 206). 


HPA Annual General Meeting and 
IPSM Scientific Meeting 
September 15-19, 1987 

Liverpool 

Further details: IPSM, 47 Belgrave 
Sauare, London SW1X 8QX (Tel. 01- 
235 6111). 


Sth Asian-Oceanian Congress of 
Radiology 

September 21-25, 1987 

Seoul, Korea 

Further details: Man Chung Han, M.D., 
Secretary General, 5th Asian-Oceanian 
Congress of Radiology, c/o Department 
of Diagnostic Radiology, Seoul 
National — University Hospital, 28 
Yunkun-dong, Chongro-ku, K.P.O. Box 
1880, Seoul 110, Korea. 


Automation Means in Preventive 
Medicine '87 

September 28—-October 2, 1987 
Pestany, Czechoslovakia 

Further details: The Industry and 
Technology Division, United Nations 
Economic Commission for Europe, 
Palais des Nations, CH-1211 Geneva 
10, Switzerland. 
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Basic Clinical Ultrasound £12.00 
Hylton B. Meire and Pat Farrant 
(British Institute of Radiology Teaching Series No. 4) 1982 


BIR Supplements: 

16. Treatment Simulators (Applications of Modern Technology in £3.50 
Radiotherapy) Revised 1981 

17. Central Axis Depth Dose Data for Use in Radiotherapy 1983 £8.00 
This standard work replaces BJR Supplement 11 (1972) 


18. Quality Assurance Criteria and methods for quality assurance in £16.00 
medical X-ray diagnosis 1985 
19. Radiation Damage to Skin Fundamentals and Practical Aspects 1986 £18.00 


Review Article: The Radiologica! Effects of Nuclear War (BJR, 50p 
1983, 56, 147—170) 

Report of a BIR Working Party 

Review Article: Biomedical Applications of the Relaxation 50p 
Behaviour of Water Related to NMR Imaging (BJA, 1984, 57, 
955-976) 

R. Mathur de Vré 


Publications Department Please type or use block capitals 

The British Institute of Radiology Pe AIG x ca Sa NN 
36 Portland Place 

London W1N 3DG AUGITOSS ors re on eae ae ne neon eee eu po eee 


SSAC KSSH EEER SHE EHEAEE SHEEP EK SEEPS SEHS SEF SETHE EF RSTEEHEEESSE SRS SESH PERE HERES 
**€9*995A4 E5245 KAT SH EHF SEK HFEF H HSE EK MRE EF SEP ELCHS SE eeH CES REC es aeseseteweeratasest 


PRES pyas SHAKER KEEPER OTHER KOSTER TEHK HH AT HETEKH EEE EMER ESTER ESS 


Please send me the publications indicated above 
Please send me details of membership of the British Institute of Radiology 
Please send me subscription details for the British Journal of Radiology 


| enclose a cheque for £............... sterling made payable to the British Institute of 
Radiology 

Please add £1.00 for postage and packing for ail orders under £10.00 
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Radiation Damage to 
Skin 


Fundamentals and 
Practical Aspects 


Proceedings of a Workshop held at Saciay, 
France, on October 9-11, 1985, organised 
by the Commission of the European 
Communities and the Commissanat à 
l'Energie Atomique de Protection et de 
Süreté Nucléaire, Fontenay-aux- Roses, 
France 


Skin and underlying tissues are frequently 
critical structures In radiological protection. 
Over exposure to ionising radiation can 
cause serious long-term suffering and 
disability. 


Desprte their practical importance, the 
dose-effect relationships, the pathophysio- 
logical mechanisms and the influence of the 
degree to which different tissues are 
involved are still poorly understood. 


This Workshop and Proceedings bring 
together those at the forefront of research in 
these areas from all over the world. They 
review the present state of knowledge and 
attempt to identify specific problem areas 
which may lead to recommendations for the 
improvement of radiological protection and 
for the better management of radiation 
accidents. 


Radiation Damage to Skin is, therefore, a 
vital reference work for everyone working in 
radiation protection and dosimetry. 


Pnce £18.00 including postage and pack- 
ing. About 200 pp.; illustrated. 


ISBN 0—905748-13-8 
ISSN 0007-1285 


Orders to: The Publications Depart- 
ment, The British Institute of Radio- 
logy, 38 Portland Place, London WIN 
3DG. Tel: 01-580 4085. 


Criteria and Methods 
for Quality Assurance in 
Medical X-ray Diagnosis 


Proceedings of a Scientific 
Seminar organised by the 
Commission of the European 
Communities and the Centro di 
Hicerca Applicata e 
Documentazione, held in Udine, 
Italy, 17-19 April 1984 


British Journal of Radiology 
Supplement 18 


The contributors to this Seminar came 
from 15 European countries, the USA 
and Canada. All aspects of Quality 
Assurance were discussed: the concepts 
and implementation of QA, the involve- 
ment of research, professionals, industry 
and governments, and the technical. 
aspects of equipment testing, image 
quality, information content and dose- 
and cost-reduction. 

The proceedings give an up-to-date 
picture of the state of the art in QA and 
will be of interest to radiologists, 
radiographers, health physicists, radia- 
ton protection scientists, equipment 
manufacturers and administrators of 
health care programmes and radiation 
protection. 


Price £16.00 including postage and 
packing 

About 200pp; illustrated 

ISBN 0 905749 12 X 

ISSN 0007 1285 

Orders to: 


Publications Department, The 
British Institute of Radiology, 36 
Portland Place, London W1N 3DG 
(Tel: 01-580 4085) 
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Dose-rate Effects 
High Dose-rate Gynaecological Afterloading 


Scanning of Selectron Insertions 


Dosimetric Data for Miniature 137cg 
Afterloading Source Trains 

e Dosimetry of Interstitial Implants sing 
Flexible !921r wires 

e The Curietron Afterloading Technique 

e First Year Experience With the High Dose-rate 
Buchler Afterloading Unit 

@Eight Years’ Experience of the Amersham 
Afterloading System at the Royal Free 
Hospital 

e Treatment jf the Oesophagus Using the 
Selectron 

e Treatment t Brain Tumours With Afterloading 
High Activity 1251 Sources 

1986 ISBN: O 904181 40 5 £12.00 


Available from 
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REPORT 46: RADIATION PROTECTION IN RADIOTHERAPY 
The purpose of this Report is to review the 
physical, organisational and administrative 
approaches which may be used to control the 
hazards arising from the use of ionising 
radiation in radiotherapy. Guidance on many 
different aspects of radiation protection in 
radiotherapy practice may be found in the 
literature, and it is the intention of this 
document to consider all such aspects and to 
reference them appropriately. It is hoped that 
the collection of such information under one 
cover will assist workers in recognising and 
evaluating hazards and in directing their 
attention to the relevant publications. 

e Introduction 

e External Beam Therapy 

e Brachytherapy 

e Unsealed Radioactive Sources 

e Monitoring 

e Organisation and Administration 

1986 120 pages ISBN: O 904181 41 3 £12.50 
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Outstanding Picture Quali 
at a Low Price 


Quantel's totally new concepts in video processing, developed 
over 15 years for the TV world, make IDIS a truly revolutionary 
product. Previously time consuming and complicated 
angiography tasks can now be performed in seconds — and you 
don't have to be a computer programmer to operate IDIS. As the 
development costs were borne by the broadcast industry the 
price for IDIS is surprisingly attractive. 

[DIS is easy to install too. All you need is a simple coaxial cable 
connected to the fluoroscopic output of your system. No air 
conditioning or special power is needed, just plug it in to a 
standard domestic socket and IDIS is ready for action. Use of high 
density multi-layered printed circuits result in a small compact 
unit — easily wheeled from room to room. 

For the technically minded, IDIS uses — Analogue/Digital 
converters to digitise signals at 10 million samples per sec; 
Recursive Video Processor for real-time noise reduction; State-of- 
the-art 32 bit microprocessors for fast digital calculation; 168 
Mbyte Winchester disks for vast picture library; new technology 
10 Mbyte removable floppy disk cartridges. Features such as 
Matched Temporal Filtering, Spatial Filtering, Interpolated Zoom 
and Dynamic Contrast Adjustment give starting picture clarity and 
versatility to optimise accurate diagnosis 

IDIS leads the field in DSA and is backed by Quantel's world 
acclaimed service 






QUANTEL LIMITED, Kenley House, Kenley Lane, Kenley, Surrey CR2 5YR, England. Tel: 01-668 4151 Telex: 946643 QUANTL G 
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strong, effective non-MDA analgesic, suitable 
for use during endoscopy or colonscopy and 


. radiological and gynaecological investigations =e », 
J "ceiling" effect to respiratory depression NUBAIN 
reduces risks associated with opioid use - 


nalbuphine hydrochlo 






L] minimal effect on cardiac haemodynamics 
when used during catheterization’ 

L allows more accurate diagnosis of bile duct 
and gut obstructions due to minimal inter- 
ference with function’ and motility“ 


Effective, comfortable 
* analgesia during clinical 
investigations 


Prescribing Information 


Presentation: Nubain” Ir jection, 20mg of naibuphine hydrochloride in 2ml ampoules References: 1. Julien RM. Effects of nalibuphine on normal and oxymorphone 
Uses: For the relief of moderate to severe pain depressed ventilatory responses to carbon dioxide challenge. Anaesthesiology 1982. 
Dosage and Administration: 10- 2C mg for a 7Okg individual, adjusted according to 57: No 3A. 2. Fahmy NR, Sunder N, Soter NA. A comparison of histamine releasing 
tne severity of pain, physical status of the patient and concomitant medications properties and hemodynamic effects of morphine and nalbuphine in humans 
Nubain is not recommended for children Anesth Analg 1984;63:175. 3. Vatashsky E. Haskel Y. The effec! of n jlbuphine 
Contra-indications Hypersensitivity to Nubair Nubain”) compared to morphine and fentanyl on common ble duct pressure 
Precautions and Warnings: Use with care in known and potential opioid abusers Curr Ther Res 1985;37.1:95.-102. 4. Shah M, Rosen M, Vickers MD. Effect of 
Also care in active patents who may drive or operate mach nery, Caution in patents premedication and diazepam, morphine or nalbuphine on gastromtestinal motility 
with impaired respiration. Safety for use in myocardial infarction is not yet established after surgery. Br J. Anaesth. 1984;56: 1235.8 
Caution and dose reductionin patients with Impaired renal or nepatic function. Safeuse Further information is available on request from Du Pont (UK) Limited 

ot established in pregnancy and in conditions of raised intracranial pressure Pharmaceuticals. Wedgwood Way, Stevenage, Hertfordshire SG1 40N 

Abrupt discontinuation of chronic therapy may produce withdrawa symptoms Telephone: (0438) 734549 

Side Effects; The most frequent reaction is sedatior Also Sweating, nausea, vomiting Nubain* is a registered trade mark of E.I. du Pont de Nemours and C 


duziness, dry mouth, verbgo and neadache and other opioid effects may occur 


Product Licence No 4524 000 3. NHS Price £11.60 per box of 10 x 2ml ampoules Du Pont Pharmaceuticals dU PON 
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SOMATOM CR from Siemens - 
Compact CT Scanner with the 
top range features 








SOMATOM® CT scanners from 
Siemens have always had a 
reputation for clinical excellence, 
fast patient throughput and 
reliability. 

Now there is anew member of 
the family - the SOMATOM CR 
— with all the features you 

would expect from Siemens at 
an attractive price. 


The SOMATOM CR is manufac- 
tured on the same production 

line as the SOMATOM DR range 
- aguarantee for supreme stan- 
dards of engineering coupled with 
a high level of compatibility in 
hardware and software. 


A full 360 degree scan in only 3 seconds, fast image process- 
ing and the OPTI 151 X-ray tube will provide sufficient scan 
capacity even for the busiest department. 

The unique MICROMATIC* high-frequency generator provides 
highly reproducible power conditions. 

The SOMATOM CR is installed within a very limited space - 
less than 30 square metres — and this does not just apply to 
the basic configuration. All optional peripherals of the 
SOMATOM DR range can also be connected to the CR and 





the space is already prepared. 


Add to this our range of cas- 
sette or automatic magazine 
MULTISPOT* cameras and a 
512 x 512 image display and 
you have a complete system 
that fully meets your demands 
for quality. 


For more information contact: 


Siemens Limited 

Medical Division 

Siemens House 

Windmill Road 
Sunbury-on-Thames 
Middlesex TW16 7HS 
Telephone: (0932) 785691 
Telex: 8951091 
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This is Toshiba 

4th generation CT. 
Only the casing is 
the same. 











At first glance, the TCT-900S could quite easily be 
mistaken for any other CT scanner. 

Now take a closer look. Behind the gantry casing is 
a ring of over 2000 solid-state detectors. Outside this 
ring, the X-Ray tube rotates by means of a revolution- 
ary nutate mechanism (see diagrams). Because the 
detectors are closer to the patient, image resolution is 
greatly enhanced both in high and low contrast areas. 

The TCT-900S requires Wo aine 
only 0.6 seconds for a scan, 
and, using a unique slip- ring 
design, data can be recon- 
structed with 100 milliseconds 
intervals to facilitate visualiza- 
tion of continuous motions, 
such as heart and intestines, in 
real time. 

Multi-planar reconstruc- 
tions (MPR) are made in real 
time, using high speed proces- 
sors. 

Ergonomy has not been 
forgotten; the patient couch 
can, for example, be adjusted 
from 30 to 75 cm to provide 
easy access. 

Since its introduction last 
year at Chicago’s RSNA 
convention, this 4th generation 
TOSHIBA CT scanner has 
been hailed as a major contri- 
bution to medical diagnosis. 





Toshiba Computer Tomography, 
widening the scope of diagnosis. 


Toshiba Medical Systems Ltd., 16, Barclay Road, 
Croydon CRO IJN, United Kingdom, Tel. (01) 681 1171, telex 946154. 
Toshiba Medical Systems Europe, 
Schieweg I, 2627 AN Delft/Holland, Tel. (015) 610121. 
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mammo DIAGNOST-the three 
answers to Mammography 


Philips puts the accent on Mammo DIAGNOST U, the uni- All Mammo DIAGNOST systems 
outstanding and reproducible versal version for moving-grid and are compact, easy-to-install 
image quality plus efficient and conventional film techniques as with integrated six-pulse X-ray 
fast examination procedures. well as for xero-radiography. It generator and soft beam molyb- 

Mammo DIAGNOST systems features additional programming denum-graphite anode tube. They 
offer top performance in all and automatic control functions. feature well matched radiographic 


respects and a choice is available 
to suit the desired application: 


parameters, optimum breast 


Mammo DIAGNOST U-M, the positioning and fast examination 


most versatile system with 


Mammo DIAGNOST E, the econo- — micro-focus X-ray tube allows procedures. 

mical unit for conventional magnification as well as Philips Medical Systems 

techniques. With option for grid conventional and moving-grid Kelvin House 

techniques. Also optimal for techniques. 63-75 Glenthorne Road, 
Hammersmith, 
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Price: 







tects: ar ae 2 | » 
Mild warmth, metallic taste, box of 10 x 50m! bottles. PL No. 
ig, headache, hypotension 
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The only daylight system designed 


When you open up a KODAK Multiloader II. 


it's easy to see how it can work harder for you. 
(The harder a daylight handling system 
works, the better the value for money.) 
To back your skills, it has a brain of its own. 
It does simple self-diagnosis, and gives clear 


Instructions so vou can correct most problems 


yourself very quickly, instead 
engineer to call. 
The electronic brain also 
you re running low on a partici 
It can even hold and mon» 
film in the same size. 


Above all, the Multiloader 
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k with your entire department, taking 

ries off the shoulders of the technicians and 

iding a reliable supply of processed film and 

ed cassettes for the radiographers. 

The KODAK Multiloader II works within a 
‘n system of “X-Omatic’ Cassettes and 


iat Processors, so it's part of a reliable 


team of products. Ask your Kodak representative 
for a demonstration. And spend less time talk- 
ing to service engineers. 

Kodak.We care 

about your image. 


howlak Y-Omatic and X- ymar od row ly smart 
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Portugal 
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Preliminary Scientific Program 
The Scientific Program emphasizes a 
teaching-in approach expressed by 
Categorical and Refresher Courses 
and by the relevance given to the 
State of Art of the New Imaging 
Modalities both in Diagnosis and 
Radiotherapy-Oncology as well as 
the evolution of Intervention 
Radiology. 

Neuroradiology and History of 
Cerebral Arteriography and 
Angiography are given particular 
prominence. 

All the courses are free of charge. 
Requests will be processed on a 
first-come first-served basis. 










Symposia, Round Tables, Plenary 
Sessions, Workshops and Scientific 

Exhibition will be planned according 
to the Congress topics. 





















Film Interpretation Panel 
A set of selected Films/case histories 
will be discussed in public by five 
Experts who are supposed to reach 
the correct diagnosis. 





American College of Radiology 
Accreditation to ECR'87 

"As an organization accredited for 
Continuing Medical Education, the 
American College of Radiology 
certifies that this Continuing Medical 
Educational offering meets the 
criteria for Category I credit up to 42 
hours, provided it is completed as 
designed", 





Technical Exhibition 
A very important Exhibition of 
Radiological Equipment providing 
the vital link between Industry and 
Users will take up an area of 
approximately 6000 square metres. 


Be one of the 6 000 participants we await! 
In 1987 Portugal offers exceptional holiday 
opportunities and... à great Radiology 
Congress: ECR'87! 

Ask for Scientific Program, 





Social Program 

The Social Program will include after 
the Opening Ceremony on Sunday 
3Ist May a Welcome Reception held 
at Estufa Fria (Green-house) 
opportunity for a first get together of 
all participants. 

On Wednesday 3rd June, afternoon 
and evening, there will be a 
Portuguese Party with folklore. 
dances and songs, including a typical 
dinner of Portuguese cuisine and 
regional wines. 

An Old Portuguese Style Bullfight 
(XVIII century) with high school 
horsemanship will be organized on 
Thursday 4 th June. 

ECR'87 Gala Dinner will be held on 
Friday Sth June. 


The Accompanying Persons Program 
In addition to the above mentioned 
Social Program will include a free of 
charge Half-day Tour to Queluz., 
Sintra, Cascais and Estoril, with visits 
to the Royal Palaces of Queluz and 
Sintra continuing along the sunny 
Coast road. 

Also free of charge is a Half-day 
Tour of Lisbon with visits to the 
Modern Art Centre of Gulbenkian 
Foundation and to the Ancient Art 
Museum, 


Optional Congress Tours 
and Pre and Post-Congress Tours 
Portugal has everchanging landscap 
and eight centuries of History whicl 
can be "lived" in one day or severa 
day tours. 

ECR' 87 provides a wide selection í 
optional Congress and Pre and 
Post-Congress tours. 

All tours are by de-luxe motor 
coaches with English/French spea 
guides. 






Registration and Call-for-papers foy 
conditions of Technical Exhibition 
Secretariat ECR'87 

Av. Elias Garcia, 123-7.,^ Dt." 
1000 Lisboa PORTUGAI 
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an integrated digital vascular system 


X-Ray equipment (optional) e Cardiac analysis package 
e Ceiling or floor C-arm € High frequency 
generator € Graphite X-ray tube @ Metal image 
intensifiers up to 40 cm 


Standard features 
e Fully integrated set-up e Roadmapping e Image 
analysis and stenosis analysis software e Pre-set 


DSA unit anatomical protocols e Automatic re-registration 
DG200 - General vascular DSA system Performance 

e 6.25 im/second at 512° e 1.8 im/second at 10242 € Minimum perceptible contrast : better than 0.5 96 
(optional) e Upgradable to DG300 specification e Minimum perceptible detail : better than 0.5 95 


DG300 - Cardiac DSA system e Minimum perceptible iodine contrast : 0.5 95 


e 25 im/second at 512* e 6.5 im/second at 1024? 
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Thomson-CGR, Astronaut House, Hounslow Road. Feltham, Middlesex TW14 9AD. 01-890 8166 





WE COVER THE CHINKS 
IN YOUR ARMOUR 


The knights of old had two main problems with 
thelr sults of armour. Not only were they 
unbearably heavy, but there were some parts that 
were still not protected property! Many modem- 
day lead aprons suffer from the very same 
problems. 


The new Adjust-A-Weight S/P from E-Z-EM atlast 
Offers you everything you want In a lead apron, 
whilst providing the answer to ali your concems 
about true protection from radiation. 


W Supenor wrap-around design gives full all- 
round protection — not just and back. 4{ h 
W The unique Adjust-A-Weight principle 
allows you to transfer weight between the 4 
shoulders and back for maximum comfort 


B Choice of easy-clean nylon \ 
>: 


or vinyl matenal in a wide 
C 











+ 










range of colours and 
flexible tnms. 


B Smart front pocket for 
pens and markers. 


Q ® 
t k a 
E-Z-EMLEADAPRONS-FORCOMFORTAND  EZEM 
FULL PROTECTION L |] 
HENLEYS MEDICAL SUPPLIES LTD. 


LONDON N8 ODL TELEPHONE: 01-889 3151/6 TELEX: 28942 HENLEY G 








Brown Boveri sets new standards: 
fully microprocessor- 

controlled linear accelerators 
DYNARAY-CH. 


Brown Boveri linear accelerators equipped with the DP 800 micro- 
processor control system have proved themselves in clinical practice. 
Users have helped to shape the software which has now reached a 
high level of maturity and reliability. 

The control system is the same on all DYNARAY-CH linacs 
whether your requirement is a photon only unit, a single photon and five 
electron energies to 16 MeV or dual photon and seven electron energies 
to 20 MeV 

Automatic routines for arc therapy, wedge fields, check films and 
assisted set-ups are amongst the standard features. The verification and 
record system DYNAVER S, available on all units, provides à 
complete record of settings and treatment 
usually on just two sheets 
of standard A4 paper. 

The computer of 
the DYNAVER M enables 
several therapy units to 
be linked at a higher man- 
agement level. 





We don't just promise it, 
we have it! 


For more information contact: 

British Brown-Boveri Ltd. or. .-BBC Brown, Boveri & Company, Ltd. 
Darby House, Lawn Central Radiotherapy Department 

GB-Telford, Shropshire TF3 4JB PO. Box 58, CH-5401 Baden/Switzerland 


Telephone (0952) 502 000 Telephone 056/754504 or056/751111 BROWN BOVERI 











Storage: 


safes, trolleys, pots 
Shiekting: mobile and static shiekfs, benches, screens 


Structures: bricks, cubicles, doors, panels, linings 


From isotope carriers and bed shiekds to complete 


lead-fined rooms for X-ray protection, we design and 


BLM Girdler 
has gone into hospital 


As in protective lead we have long 
feats cai we eda neared 

That's mainly because of our range across three areas 
of apptication. 





manufacture everything to the highest standard. 
The other reason is our service ip administrators and 
specifiers, based on close co-operation and considerable 


After in i have 
det Bd hospital we a healthy 
BLM Donnay Street, Wandsworth, 


"lephone 01-870 1461. Bec 266382 





WHEREVER RADIATION PROTECTION IS REQUIRED 





NOTICE TO 
ADVERTISERS 


The British Journal of Radiology is 
pleased to announce a new rate 
protection policy for advertisers, 
securing 1986 rates through to 
December 1987. 


To benefit from this new policy, 
advertisers should notify the Advertising 
Department, in writing, of all of their 
1987 bookings by Tuesday 


November 18, and 1986 rates will be 
extended to those orders. 


Any alterations to the 1987 schedule, 
however, will result in the reapplication 
of full 1987 rates. 


So, avoid the increase in rates and send 
bookings for next year to: 


The Advertising Department, The British 
Journal of Radiology, 36 Portland 
Place, London WIN 4AT before 
November 18 1986. 


(Q) BLM Girdler 


BLM Girdler is a division of Billiton UK Limited 








Repnnted from British Journal of Radiology, 1982, 
55, 505-510 


Fractionation study: 
Radiotherapy of the laryngo- . 
pharynx 


Seventh interim progress report of the 
BIR fractionation study of 3F/week vs. 
SF/week in radiotherapy of the laryngo- 
pharynx 


Reprints, price 50p each, available from: 


Tel 01-580 4085 


(Remittance with order please) 





You wouldn’t buy a high quality 
camera without a high 


quality lens 







You shouldn’t buy a CT or M 


without a 3M Laser Imager 


lė 


it makes sense to match a high quality 
State-oft-the-art 38mm camera body with an 


equaily Superior iens.. Decause thats the 


Way YOU Gel ine Dest results. If also makes 


3 M 45€ ify age fai ine Very same 
reason. Advanced 3M Laser Imager 
technology produces digital images with far 


r 


superior resoluton as compared to a 
standard 100€ T 


of resolution you need for the best possible 
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evels of grey scale. The Imager also gives 
yOu the choice of selecting a black or clear 


border, a positive or negative mode, and 
either smooth or sharp pixels for the 


ultimate in viewing flexibility 


imager nciuge 125-shee 


magazines for automatic film nandling; a 
print cycle of 23 seconds for increased 
productivity; an operator keypad control 
that can be used up to 200 feet away fron 
the machine: and a standard 4 megabyte 


n - hem Ame ^ Pa 
RA A that C Her« ting “Ameri afr 


> ine Capability OF producing 
multiple originals, and Can be expanded 


¿0 megabytes for more demanding needs 
Perhaps the biggest Laser mager 
advantage is that you can have this 
advanc eg tec nno OQ v todav ang | 5 aliso 


future-ready to handie tomorrow s demands 
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ILU», COMEL 
3M Imaging Systems 
3M House, Bracknell 
Berkshire RG 12 1JU 


mimm c |^AVEcEOAL 
i'eiephone: (0344) 5845A 


We set the standards worldwide. 
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Cut patient x-ray doses in half. 


Erbium x-ray filters reduce patient dosage up 
to 50% without loss of radiographic quality. 





Operator doses are also significantly reduced. REDUCTI ou. É 

Erbium transmits only x rays that contribute to "an ED EE ta 

the radiographic image while absorbing the dose- 7 

producing photons at the low and high energy g^ r 

ends of the spectrum. z T ME 

Erbium filters have demonstrated significant dose E | : | 
reduction for a variety of techniques including: " 1.0 }- 


BE Skull and abdominal 
examination 


E Cerebral angiography 


WB intravenous 
urography 


W Pediatric fluoroscopy 
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ENERGY IN KeV 
X-ray Spectra for 70 kvp 


Er filters are available to fit most x-ray machine configurations. 
REACTOR EXPERIMENTS, INC. 
RJ X [ 963 Termina Way, San Carlos, CA 94070-3278 
415/592-3355 # TELEX: 345505 (Reactex SCLS) 
Our representative in the U.K.: 
| John Caunt Scientific, Ltd. 


Oakfield Industrial Estate Eynsham, Oxford OX8 1JA Tel: Oxford (0865) 880479. Telex: 838852 JCS G 
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DIAGNOSTIC RADIOLOGIST LECTURE and 
MEETING FACILITIES 


A diagnostic radiologist, of at least i ; 
senior registrar level, to serve one year in Available for hire 
visiting professor status in Department 36 Portland Place, W1 
of Radiology at Texas Tech University 
School of Medicine. 


Will do general diagnostic radiology 
including angiography and interventional 
procedures. 


Fully equipped air conditioned Lecture 
Theatre with seating capacity for 100 
people. 

Very attractive Library with Adam decor 
available for functions, buffets etc., 
Please send cv and three letters of capacity approximately 100. 
reference 10: 


—————————— ——— ah mAh 


Jay P Sackler, Chairman of Radiology, 
Texas Tech University School of 
Medicine, 

Lubbock, Texas 79413, 


For list of charges please apply to the 
General Secretary, British Institute of 
Radiology, 36 Portland Place, London W1N 
3DG or telephone 01-580 4085 
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ENERGY ACCELERATORS 


SL25 6 & 25 x-rays 
4-22 MeV electrons 
— gee Wet 


Ex. "i SL18 6 & 15 MV x-rays 
EE. 4-18 MeV electrons 


SL20 6 & 18 MV x-rays 
4-20 MeV electrons 


gp TTT 


SL15 6 & 10 MV x-rays 
— 415 MeV electrons 


e 





* Dual x-ray energy facilities 
* X-Ray diaphragms with field offset facilities 


* Multiple electron energies for all 
treatment requirements 


* Treatment prescriptions stored on computer files 





THE MOST VERSATILE CONTROL SYSTEM 


Assisted set-up giving 
increased workload 
capacity. 
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Concurrent prescription 
preparation and data 


retrieval on a secondary 
terminal. 


Multi-segment treatment techniques performed 
quickly and accurately under computer control. 


direct access to Philips’ international service centres. 


| Contact Philips at one of the addresses shown below 

for more information on our full range of equipment for radiation therapy. 
Philips Medical Systems, Kelvin House, 63/67 Glenthorne Road, Hammersmith, London W6 OLJ. 
M.E.L. Manor Royal, Crawley, Sussex RH10 2PZ, 
Divisions of Philips Electronic & Associated Industries Ltd 

Philips Medical Systems Inc, 710 Bridgeport Avenue, Shelton, Connecticut 06484, United States of America. 

N.V. Philips, Medical Systems Division, Eindhoven, The Netherlands. 
» 
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St. Bartholomew’s Hospital Megavoltage Radiotherapy 


London U.K. .|50th Anniversary Conference 


Call for Papers 


A major International Conference in London 
organised by St. Bartholomew's Hospital from 
September 3rd to 5th 1987 
to add the 50th Anniversary of the introduction of | 
Megavoltage Radiotherapy. 


Conference programme, call for papers and registration forms are 
now available from Concorde Services, 10 Wendell Road, London 
W12 9RT, England. 


TOPICS will include: 


Precision in radiotherapy (Suit USA) interstitial radiotherapy (Payne UK) 
CNS (Bloom UK, Wara USA) Response predictors (Peters USA, Fowler UK) 
Abdominal organ tolerance (Trott UK) Concepts in fractionation (Dische UK, Hopewell UK) 
Electron beam (Klevenhagen UK) Quality assurance {Young UK} 
Paediatric radiotherapy (Donaldson USA, Ocular radiotherapy(Harnett UK) 

(Malpas UK) TBI (Barrett UK, Plowman UK] 


Breast conservation (Calle France, Spittle UK) Xenograft models (Steele UK] 


For further details contact The Secretariat Concorde Seraces, 10 Wendell Road, 
London W12 9RT, England 
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THE BRITISH INSTITUTE OF RADIOLOGY 


RADIOLOGY ‘87 
SOUTHAMPTON 


45th Annual Congress and Exhibition, 1-3 April 1987 


Incorporating the joint spring meeting of the Institute with the Royal College of 
Radiologists and the Section of Radiology of the Royal Soclety of Medicine. 


The meeting will cover all aspects of the radiological sciences and a wide-ranging 
programme which will be of interest not only to radiologists, radiotherapists, 
radiographers and physicists but also to many others who are involved in or connected 
with radiology. Highlights include: 


@ BIR Presidential Address Professor R J Berry 

@ BIR Mackenzie Davidson Memorial Lecture Professor M J Peckham 
@ BIR Mayneord Lecture sponsored by 3M UK Plc Dr F Fry 

© RCR George Simon Lecture Dr J C Batten 

@ Poster and technical exhibition 


Authors are invited to submit one or more For further information and registration 
papers for presentation orally or by poster details please apply to: 

on any aspect of the radiologica! sciences 

by 30 November 1986 to: 


The Scientific Programme Chalrman The Programme Office 
The British Institute of Radiology 


38 Portland Place, London W1N 4AT 
Telephone 01-580 4085 


1986, The British Journal of Radiology, 59, 1057-1064 
VOLUME 59 NUMBER 707 
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The sharing and computer exercising of human Know-How“ 


By A. d'Agapeyeft 
Expertech Ltd, Slough, Berkshire 
(Received April 1986) 


It is, indeed, an honour for a complete outsider to 
medicine to have been asked to give the Mayneord 
Lecture at Radiology “85. It is also a privilege to have 
had the opportunity of meeting Professor and Mrs 
Mayneord and of hearing their kind reactions to a 
technology so recent that its entire history spans but a 
tiny fraction of their own contribution to medicine. 

The technology in question is concerned with an 
instrumentation for Know-How, which is regarded as 
empirical human knowledge. or the compiled 
experience of human specialists in their domain of skill. 
In general this extraordinary and ancient resource, so 
familiar to everyone, has been lightly treated by Science 
and the Professions. Know-How is rarely put in written 
form apart from occasional fragments. Yet it is said to 
be the key determinant to the overwhelming majority of 
human decisions. However, this last is but one of many 
assertions on the subject which, although confidently 
held, 1s not sustained by proof. Most of the evidence 
about empirical knowledge is, itself, empirical. 

The development of this particular technology has 
not been guided by cognitive science. It was originally 
inspired by the work of Ed Feigenbaum, who is the 
father of modern Expert Systems (Feigenbaum et al, 
1971), but the first applications were built by British 
companies. The pioneers, from about 1980, included 
Unilever Research and the Corporate Laboratories of 
ICI. For various reasons the publication of these ideas 
was delayed until the Alvey Directorate conducted a 
Survey on Expert Systems in UK — Industry 
(d'Agapeyeff, 1984). The technology only began to 
spread more widely with the advent of computing 
software tailored for the purpose, in 1985. 

The relevance, or otherwise, of the current state of 
this technology for medical applications, has to be left 
to the judgment of the medical professions. The related 
efforts of the Biomedical Computing Unit of the 
Imperial Cancer Research fund (Expert Systems, 1983) 
does provide some encouragement. There are also 
activists among the Medical Specialist Groups of the 
British Computer Society. In this paper the technology 
will be described in terms of the following. 


| Some aspects of Know-How. 

2 Expert Systems in medicine and business. 

*A revised and updated version of the 1985 Mayneord 
Lecture, delivered in Manchester on April 18, 1985 at 
"Radiology '85". 


3 Know-How programming. 
4 Some tentative conclusions. 


| Some ASPECTS OF KNow-How 
In the first instance the reader’s attention is drawn to 
the attractiveness of a well written aphorism and the 
recursive quality of Know-How about Know-How. 
Consider: 


"All knowledge is of itself of some value. There is 
nothing so minute or inconsiderate that I would not 
rather know it than not" 


attributed to Dr Johnson 
Johnson", 1775. 


"Knowledge is little; to know the right context is 
much, to know the right spot is everything" 


from the "Book of Friends" by Hugo 
Hofmannsthal, 1922. 

Johnson's view does seem to echo a characteristic of 
human curiosity. Know-How is often fascinating, 
providing its appreciation does not demand excessive 
intellectual effort. This may be a factor in the 
popularity of the TV programme "Mastermind" which 
attracts an audience of millions for no obvious reason 
within accepted TV scheduling lore. 

Hofmannsthal is closer to the emerging creed of the 
self-labelled guild of Knowledge Engineers. Verbal 
wisdom, expressed as rules-of-thumb, i$ context 
orientated. The more specific is the rule the more direct 
is its applicability and the greater is its quotability (e.g. 
"if on antibiotics then try and avoid painkillers”). It is 
important that the expression be plausible and 
colloquial (analgesics is doctorspeak) but the benefits 
conveyed are not dependent on the degree to which any 
causal action is understood by either the donor or the 
recipient. Textbooks and training manuals do not 
commonly reflect the power of the quotable rough 
truth. The Western tradition in publications puts the 
emphasis on fundamental principles, logic, causal 
relations and justified conclusions. This is very effective 
in formal teaching, but it also has less fortunate 
consequences. 

One consequence is that texts are principally devoted 
to relationships which hold, or are thought to hold, 
across different contexts, which are, therefore, excluded 
from the discussion. This means that readers must 
translate the theoretical models into those situations 
which are relevant to them. For many readers, the effort 


in Boswell’s "Life of 
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involved is too demanding. Another consequence is that 
educated persons are inclined to pretend that they 
reason like a machine (without the recognition of that 
description). This 1s due to a confusion between their 
inherited means of arriving at a decision, and its 
subsequent justification within the conventions of their 
culture. If people are asked how they solve a routine, but 
not too trivial, task they will tend to respond with some 
imagined sequence of steps which proceed logically, 
monotonically, and without redundancy from problem 
to solution. Such a sequence 1s a travesty of genuine 
human reasoning. 

Know-How is a rich and redundant profusion which 
includes short-cut strategies, sudden jumps, zig-zag 
reasoning, analogies and an arsenal of tests and checks. 
It provides a capacity for quick decisions over a wide 
range of contexts. Fast, shallow reasoning from a huge 
collection of Know-How was, almost certainly, an 
indispensable requirement for the most rapacious of 
hunters unable to rely on physical strength. For 
a milion years this was the basis of teaching potted 
knowledge and shared prejudices to the young. Its 
supplementation from the escalating advances of 
modern science is wholly beneficial. Its virtual suppres- 
sion in schools, beyond the primary level, is an 
unnatural handicap imposed on children. 

Modern life cloaks the remarkable capacity of the 
human brain as a knowledge store. Even with pre- 
literate peoples it can be difficult to distinguish verbally 
transmitted skills from those reinforced by regular 
physical example. The feats of the ancient bards are 
suggestive. Some of their vast epics are being treated as 
not wholly inaccurate accounts of events which may 
stretch back over hundreds of years (Wood, 1985). An 
interesting story is told by Thor Heyerdahl on Easter 
Island (Heyerdahl, 1957). An islander, who claimed the 
skill, was persuaded to remount one of the face statues 
by the old methods for the first time in over 200 years. 
It seems that this skill had been transmitted across 11 
generations without any practice. Some 30 tons of rock 
had to be manoeuvred via a pile of small stones and 
two wooden poles. The transmission may therefore 
have been not just a few rhyming rules but an organised 
"knowledge base" with feedback controls. Such an 
inheritance 18 not entirely dissimilar to latent genes. 
Perhaps, like the belated recognition of the importance 
of skin contact between mother and baby, long the 
practice of many tribes, there are many aspects of 
Know-How and its storage still ignored by educated 
man. 

What has all this to do with medicine? An outsider 
must tread softly, but there may be parallels from 
business. Managements are slowly recognising that 
crucial Know-How is what distinguishes say, an award 
winning accountancy student from a competent, long- 
in-the-tooth, financial controller. Hence it is not sensible 
to produce procedural guidelines which only accord 
with the teaching of the former, while ignoring the 
expertise of the latter. There is now a dawning 


recognition that the majonty of quality control and 
safety manuals serve no useful p . They are 
written so as to be defendable, not to be readable. They 
are not read, and sometimes that is just as well since 
they do not mirror what experts would, or should, do. 
There has also been one, potentially repeatable, medical 
experiment. Twelve general practitioners -spent a 
weekend programming a computer from the rules of 
thumb they employed in diagnosing four common 
conditions. The outcome was a surprise. The majority 
agreed that the programs did approximate to their own 
diagnostic practices, but those programs did not 
correspond to anything they had ever seen in writing 
before at medical school or elsewhere. 


2 ExPERT SYSTEMS IN MEDICINE AND BUSINESS 
2.1 In the beginning 

The 1dea of Artificial Intelligence can be dated back 
to the seminal work on software of Alan Turing. Turing 
imagined a person engaged in a conversational exchange, 
via a teletype, and being unable to determine whether 
the other party was another human or a machine—the 
“Turing Test” (Turing, 1938). This test has given nse to 
much controversy (e.g. the 1984 Reith Lectures) which 
is characterised by doubtful interpretations as to the 
nature of human knowledge. A stark question for these 
interpretations is the means by which humans handle, 
so readily, tasks that embody the Combinatorial 
Problem (i.e the number of alternative steps and paths 
to a solution are too great for any kind of exhaustive 
search). A curious, not to say bizarre explanation of 
this facility, ascribing it to human emotions, 18 to be 
found in the Lighthil Report (Science Research 
Council, 1973) which almost terminated UK research in 
Artificial Intelligence (AI) for nearly a decade. 

Another explanation was assumed in the 1960s by a 
famous group of AI scientists at Carnegie Mellon, who 
sought to emulate on a computer the General Problem 
Solver thought to exist as a kernel intellectual function 
within the human brain. It proved to be another heroic 
journey to the end of the rainbow. Ironically, the 
modern explanation originated from a former student 
at Carnegie working on the oppotite tack. Feigenbaum 
believed decision-making knowledge to be specific and 
largely the product of domain experience. He attempted 
to elicit this knowledge from human experts in order to 
build a computer program in which the knowledge was 
represented explicitly. Such a representation enabled the 
expert to participate more fully in the design, testing 
and interactive modification of the program. Given the 
co-operation of outstanding experts it was hoped to 
achieve the equivalent to human levels of performance 
from the program. This proved to be a hard task which 
has since been widely underestimated. Nevertheless, 
some very successful programs have been implemented 
for tasks that were otherwise intractable, and 
Feigenbaum’s thesis on knowledge has won wide 
acceptance. 
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2.2 MYCIN and RI 

The first program, following the teaching of 
Feigenbaum, to have made a major impact on software 
designs was MYCIN, a Ph.D. thesis by a subsequently 
qualified medical doctor (Shortliffe, 1976). MYCIN 
provides advice on the diagnosis of bacterial diseases of 
the blood together with their antibiotic treatment. It has 
never achieved routine usage mainly due to its 
prolonged dialogue. The shortest consultation takes too 
long for a busy physician. Nevertheless, the program 
did demonstrate that extensive, high-quality knowledge 
could be represented in a form which was intelligible 
and modifiable by domain experts who were not 
programmers. 

One of the 400-- rules in MYCIN, an element of its 
source program, 1s: 

IF (1) the infection is primary-bacteremia 
(2) the site of the culture is a sterile site 
(3) the suspected portal of entry is the 

gastrointestinal tract 
there is suggestive. evidence (0.7) that the 
identity of the organism is bacteroides. 

A fundamental feature of MYCIN is that at any 
point in the consultation the user can ask WHY? (e.g. 
why some question is being asked or a conclusion is 
being offered). MYCIN will then explain its "reason- 
ing" in terms of the rules being obeyed. Hence, MYCIN 
is not like a traditional "black-box" program. The 
physicians remain totally responsible for the treatment 
of their patients. In using MYCIN they have the 
capabilitv and the duty of satisfying themselves as to 
the validity of the reasoning, before accepting or 
rejecting the offered advice. Today this feature is 
commonly, but not universally, regarded as an essential 
component to an Expert System. It is routinely included 
in most software products for building applications. 

Recently it has been the vogue to criticise MYCIN 
by standards which arose subsequently. This can be 
instructive because MYCIN is so well described in the 
literature (see also Buchanan & Shortliffe, 1984). Three 
weaknesses have emerged. Firstly, the explanations 
provided are not quite as good as they appear, although 
they are well beyond anything achieved in traditional 
software. There is a crucial gulf between an understand- 
able explanation and an explained understanding. The 
latter requires a generic exposition and not merely 
reports on the detailed rules that have been, or are 
about to be, obeyed. Yet generics relevant to a 
particular user are hard to program. Secondly, MYCIN 
occasionally reveals an embarrassing lack of common 
sense. For example, the system has little appreciation of 
the difference between men and women or the nature of 
itself. In practice, mimicking an expert's full exploita- 
tion of common sense Is not just hard, but currently 
impossible due to the sheer quantities involved. 
Common sense was one of the early goals of the 
Japanese Fifth Generation Computer Project (JIPDEC, 
1980) but this has since been quietly delegated to the 
Sixth Generation. 


THEN 


The third weakness of MYCIN arises over the vexed 
question of the treatment of uncertainty in the 
knowledge. Most Expert Systems have, until recently, 
relied on a statistical technique of assessing 
probabilities (Bayes Rule) following the lead of another 
Californian project, PROSPECTOR (Duda et al, 1979). 
MYCIN employs an empirical method of combining its 
certainty factors (0.7 in the above example) which can 
be shown to be logically flawed (Adams, 1976). 
Nevertheless, MYCIN is said to have performed better 
in medical trials than theory suggests it should. A 
plausible explanation is that MYCIN has a shallow 
reasoning from good knowledge, which has the effect of 
limiting its mathematical flaws. 

RI is a very different system in both its design and its 
history. It configures customer orders for VAX and 
PDP-11 computers from Digital Equipment Corpora- 
tion (DEC). It is the great success story among early 
business applications. It has saved DEC literally 
millions of dollars. It led directly to that company 
becoming the world’s most experienced user of 
Knowledge Base Systems (DEC 1s believed to have 40 
large applications in operation or in development). RI 
was initially designed by John McDermott at Carnegie 
Mellon (McDermott, 1982). It is essentially simpler in 
approach than that advocated by the Feigenbaum 
school. This may have been essential to cater for the 
size of the DEC applications. R1 has over 5000 rules, 
many of which are closer to a paragraph than a 
sentence. However, these simplifications have caused 
some AI scientists to doubt whether R1 is a "proper" 
Expert System, and it seems to have had little stimulus 
on general research. 

The striking simplification of RI is that the 
knowledge must be treated in the program as if it were 
certain and precisely measured. This arbitrary require- 
ment is not as unreasonable as the purists suppose. All 
branches of accountancy adopt the same convention for 
the excellent reason that otherwise accountancy would 
be still more complex and costly than it is at present. 
People are accustomed to such conventions which are 
also found in many company and hospital procedure 
manuals. Few are so accustomed to the subtleties of 
statistical algorithms which can, as a result, be a facade 
of precision. For example. Bayes Rule requires that the 
prior probabilities be assembled from independent 
evidence. This is ignored in most practical applications. 
Other simplifications in RI are that the system only 
reasons forwards, without any subtle searching for the 
next rule, and has very limited explanation facilities. 
One result of these simplifications is that the DEC 
application building teams did not have to be, and were 
not, confined to those with formal training in Expert 
Systems. 


2.3 The British experience 

After the Lighthill Report (op. cit.) Expert Systems 
activities in the UK were kept alive chiefly by the work 
and the tireless teaching of Donald Michie, then 
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Professor of Machine Intelligence at Edinburgh 
University. The other big influence was lack of money 
so that small teams, small computers and simplifica- 
tions ın technique were, perforce, encouraged. One 
outcome was the notion of Simpler Expert Systems 
described in the Alvey Survey Report (op. cit.) One of 
these systems, British Telecom's Tracker Project, 
showed that the prnciple of human levels of 
performance could be softened in order to obtain 
modest, but useful, applications. Tracker has the aim of 
helping a maintenance engineer to achieve marginal 
improvements to his own performance in diagnosing 
faults in a power supply unit. The economic benefits 
stemmed from the marginal improvements in the 
serviceability of the attached telephone exchanges. 

Two other categories of Simpler Expert System 
emerged in Britain. A group of chemists with ICI 
showed that it was possible to build do-it-yourself 
applications. They worked successfully with SPL’s 
SAGE Expert System software, treating it as a non- 
programmer’s programming language; a purpose for 
which it was not designed since such usage has not been 
envisaged, in print, by anyone. A group in Unilever 
Research hit on the notion of exploiting Expert Systems 
techniques 1n order to acquire and distribute knowledge 
for human consumption. This notion has been called 
Knowledge Communication Systems. It was quickly 
seen to work, and encouraged experts to write their 
rules of thumb hitherto confined to speech. However, 
the systems lacked an adequate means for the expert 
and the end-user to exercise the Know-How. The 
central importance of exercising rules of thumb only 
became apparent after expenence with Know-How 
programming initiated from a synthesis of the above 
ideas, plus a vital contribution from the Impenal 
Cancer Research Fund (ICRF) 

At one time it appeared that Simpler Expert Systems 
for Knowledge Communication would have to be 
confined to rules of thumb expressed with certainty. 
This was the prejudice wrongly put in the Alvey Survey 
Report from the observation that statistical quantities 
do not appear in colloquial advice (e.g. nobody, except 
a Calfornian weather forecaster, says “it 1s going to 
rain with a likelihood of 90%’’). It was Mark Rogers of 
ICI who supplied the correction, pointing to the 
widespread use of gross assessments of probability (e.g. 
impossible, unlikely, unknown, likely and certain). The 
hurdle was a suitable method of combining these 
assessments in a program. The solution, so obvious 
once descnbed, came from the ICRF (Fox, 1985) 
working toward slightly different aims. 

In medicine, as in human affairs generally, the 
treatment of uncertainty is non-linear (e.g. if treatment 
X is potentially lethal and patient 1$ not terminal then 
treatment X is not a suitable remedy). Human experts 
process these issues through their knowledge of the 
subject and the current context. Hence, it was not 
necessary to have an enforced quantitative calculus. 
Uncertainty can be programmed qualitatively, in 


symbolic reasoning, similar to any other aspect of the 
knowledge. An earlier Expert System on the diagnosis 
of stomach disorders was translated into a qualitative 
style, seemingly very effectively (e.g. if cholecystitis is 
possible and jaundice is definite then cholecystitis 18 
probable). It was then translated, excluding the 
laboratory tests, from doctorspeak to colloquial English 
and found to be interesting and informative to both 
children and attenders at computing conferences. 


3 KNow-How PROGRAMMING 

A Know-How program, or a Knowledge 
Communication System, is a computer program in 
which the knowledge is represented explicitly so that the 
prescribed reasoning from that knowledge can be 
readily exercised by both the builders and the users of 
the program The abihty to exercise 18 crucial. Without 
it the supphers of the knowledge may have no adequate 
means of recalling and refining their own rules of 
thumb. This is because much empirical knowledge 1s 
held below the level of immediate conscious awareness. 
Running the program, which may at first behave like a 
familiarly stupid subordinate, can act as a prompt and 
also aid iterative improvements in the expression of the 
knowledge. The same facility 1s equally vital for the 
intended end-users. The pleasure and the benefits of 
running a well presented Know-How program, with 
one’s own choice of data, can be a motivation to repeat 
the exercise again and again. Repetition greatly 
contributes to the transfer of the knowledge. By 
contrast, humans are usually reluctant to read the best 
written manuals more than about twice. 

The ability to exercise can be taken further. There are 
enormous advantages in software tools for building 
programs that can be employed and enjoyed by people 
who are not professional programmers. Anything one 
has done for oneself ceases to be a mystery. End-users 
who are able to experiment with the building of their 
own, small, Know-How programs quickly become a 
different kind of consumer for applications built by 
others. They have a greater appreciation of the construc- 
tion, limitations and potential of these programs. Their 
suggestions for umprovements tend to be more practical 
and are often phrased as draft rules 

The purpose of a Know-How program thus differs 
fundamentally from established dogma on Expert 
Systems. Unlike R1, these programs do not have to do 
anything that is physically productive. Unlike the 
systems inspired by Feigenbaum, these programs are 
not necessarily aimed at human levels of performance 
and they should not, normally, be regarded as “giving 
advice". A preferred model is that of a parrot on your 
desk regurgitating bits of Know-How on demand. This 
is preferred because nobody would ascribe common 
sense to a parrot or abdicate to it their own 
responsibilities for a decision. These programs can still 
be useful while overtly incomplete and not wholly 
correct. For example, Expertech Ltd has an application 
product which is A Clarifier of Statutory Sick Pay 
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Regulations. The purpose of the product is to make it 
easier for a clerk or other person to make a claim for a 
typical case of staff sickness. The Department of Health 
and Social Security (DHSS) regulations are arranged to 
cope with a myriad of rare situations which cause 
confusion to the reader. The product contains an 
explicit disclaimer as to completeness or correctness, 
since clearly neither hold for the DHSS publications on 
their regulations. It is somewhat unlikely that complete 
correctness is ever a valid description, this side of 
paradise, but people will pretend to the contrary. 

Purpose determines the structure and presentation of 
the Know-How. There is a great deal of rather effete 
discussion on structure within Expert Systems, much of 
it implying that structure is a vaguely identified 
property of the knowledge itself. This is a mistake. It is 
frequently necessary to structure the same Know-How 
differently in separate parts of the same application 
because of the differing needs of, say, a novice and an 
experienced practitioner ın the domain. It is also 
important to anticipate that the novice may become less 
inexperienced and have needs that change after a 
repeated exercising of the program. 

Presentation is another matter. Unlike the formal 
disciplines of conventional software, Know-How pro- 
grams are first assembled by hacking in the rules of 
thumb, any old how, as tbey are recalled. Later the 
ergonomics of running the program and of receiving the 
Know-How has to be tackled as a distinct stage of the 
implementation. Good presentation is an art not a 
discipline. Clever designs can help the program builder 
juggle the presentation quickly into different forms so 
as to find those that achieve a suitable (subjective) 
response from intended users. Presentation is not just a 
matter of rewriting the rules. It includes a “sensible” 
ordering of the questions, informative reports and run- 
options that users subsequently decide are what was 
wanted. 

There are several different categories of application 
They range from comperatively simple Clarifiers of 
Regulations, through the Archiving of Rare Skills to 
faxly comprehensive Action Guides. These will be 
described below, but first it is appropriate to review the 
boundaries of this technology 


3.1 Boundaries 

Advocates of the new approach in computing 
software, facing the normal cyniciam and worse from 
peer groups, can fall into the habit of reciting carefuily 
selected histories without much mention of limits to 
their progress. Know-How programming deserves a 
starker treatment. At the moment it is still in the 
maternity ward on a life support system of great 
enthusiasm from a small percentage of those engaged 1n 
computing. There are three grounds for an optimistic 
prognosis. Firstly, it does actually work and at low cost. 
Secondly, experience is accumulating rapidly which is 
fuelling extensions to both the programming and to 
practioner skills. Non-believers point to and, perhaps, 


exaggerate the restricted capability of current applica- 
tion building software, the so-called "shell" products. 
Be this as it may, software (like hardware) which is 
cheap to build and to use has a faster-rising 
development curve than more expensive variants. 

The third item is a curious enforcer of modesty and 
truth. Expert System descriptions can be a marsh of 
clinging hype. But the success of Know-How programs 
is governed by the involvement of the knowledge 
suppliers and the reactions of the target end-users. 
There 18, fortunately, no way currently of making 
propaganda an acceptable substitute for pertinent 
expertise. If end-users are not genuinely fascinated by a 
program they will obtain little or nothing from it. 
Practitioners quickly learn a sharp test. If sample users 
are so little caught up in the program that they make 
polite statements about it then, for some reason, the 
presentation of that Know-How has failed for them. If 
fascinated they clearly hope the questioner will go 
away. Equally definite are the criteria of the knowledge 
suppliers who may include factory foremen, main- 
tenance fitters and more obviously prestigious experts 
like lawyers. If they find their involvement more difficult 
or less rewarding than promised, then they will 
announce they are too busy to continue. If the promise 
is fulfilled, they will often take the computer home for 
the weekend. 

Thus it is essential to promise only what will be 
delivered and to be very clear as to restrictions of scope. 
These are set out in Table I. The list is over-modest in 
that, with experience, the constraints can be relaxed. 
Yet over-modesty can be engaging and it helps 
customers to show off their achievements. There is one 
further important limitation. An application always 
begins as an exploration. It is impossible to be certain 
in advance that the requisite Know-How can be 
sufficiently articulated or programmed by the existing 
team. The standard advice is to set a milestone after 2—4 
weeks and if progress is insubstantial and there is little 
immediate sign of a change, then that application 
should be suspended. 

Unfortunately, some organisations do not take this 
advice and continue battering their heads against a 
brick wall. This 18 made more serious by the common 
mistake, in organisations, of drawing too many 
conclusions from their initial applications. For instance, 
the RAF got their first application into field service 
within 5 weeks (Lennox, 1986) This was an amazing 
performance but not necessarily any guide for their next 
project. On the other hand, a distinguished firm of 
accountants failed at their first hurdle, persisted and 
published conclusions damning the technology. They 
were obviously unaware that some of their competitors 
have been much luckier, or wiser. 


3.2 Clarifying regulations 

This category of application puts into perspective the 
available Know-How about Know-How programs. 
There was no hint of it 1n the literature, no product was 
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TABLE I 
KNow-How PROGRAM CONSTRAINTS 





These programs can be effective where: 

(a) the purpose of the application. is primarily to share 
expertise and this purpose governs the designs; 

(b) the application is selected to fit the capabilities of the 
implementation team and their choice of software (i.e. the 
technique is not a panacea): 

(c) the application is initially small and sharply focused (Ze. 
there is no doubt as to its purpose and scope); 

(d) the application. relies on narrow slivers of expertise 
confidently held by an articulate and authoritative expert: 

(e) the willing involvement of the expert in the preparation of 
the program is sufficient to ensure that the representation 
of the Know-How is personal and undiluted: 

(f) the structure and presentation of the Know-How is 
professionally arranged to fit the subjective criteria of the 
target end-users, preferably with the help of a sample of 
those users. 


Notes 

I In the above, expert can be replaced by experts (plural) 
working together; there is then likely to be a requirement 
for a greater co-operation by professional Knowledge 
Engineers. 

Experts differ in what they want to do for themselves. 
Some will not touch a keyboard while others only require 
a Knowledge Engineer when they are stuck. The best kind 
of professional support is one that meets the individual 
wishes of different experts without intrusion. On the other 
hand, (f) is usually best done by professionals. 


n2 





designed for it and the pundits (such as the author) did 
not anticipate it, Nevertheless, it has probably become 
the most popular starting application in Britain 
attracting the attention of over 100 project teams. With 
hindsight the case is so obvious. Every organisation is 
subject to a myriad of regulations imposed by statute, 
by professional bodies and by management. Yet the 
people affected do not understand them. This is not 
confined to minor and boring procedures. The 
impression is that less than 20% of staff in most 
companies have any real grasp of their pension scheme. 
Many organisations have mandatory reporting proce- 
dures in which the assumptions at the centre, about 
how these reports are prepared, are not shared by those 
who prepare them. Similarly, there is an ocean of law 
attended by more cheerful ignorance than superficial 
acquaintance. The chief cause would seem to be a 
failure of communication by the regulators rather than 
an obtuseness on the part of those who are regulated. 
These applications are usually straightforward to 
implement. The present situation is so bad that a first 
step improvement is usually achievable in 1-3 man 
months although much more may be required to tap the 
full potential of a particular application. A pension 
scheme can be a suitable opening experiment. It may 
well be too complex to do in one step. but it has natural 
partitions. Young employees are chiefly interested in 
what they pay and why. Those nearer retirement are 


more concerned with what they will get and when. The 
project can be arranged to tackle one partition at a 
time. Practice will extend the range of the team. A joint 
venture between the accounting/consultaney firm of 
Robson Rhodes and Expertech has produced a Clarifier 
on Employment Legislation. This consists of over 1000 
rules and some 30000 words of reports representing an 
expert's interpretation of that law, plus statutory cases, 
applied to different practical contexts. The application 
took about 4 man months to build and to polish, and 
runs on a common family of personal computers. 

A list of sample clarifying applications is shown in 
Table H. There are only two main dangers that users 
have to be warned about in regard to these applications, 
namely over-ambition and over-perfection. They are 
not difficult projects but difficulty is relative. When 
starting. out it is essential to aim low. A small but 
partial clarifier, ready soon, can be very instructive; but 
a Comprehensive Guide with a regularly postponed 
delivery date is a missed opportunity. Equally, it is 
necessary to be realistic about quality. People do not 
suddenly jump from a mess to near-perfection. A sound 
task for an application is to seek independent expert 
advice as to whether end-users could be seriously 
misled. This is not the same as asking whether an utter 
fool could fail to get the right message. 

There is noise and prejudice in any Know-How 
program and utter fools will maltreat them, but the 
same is true, and worse, with human gossip. The author 
made the mistake of demonstrating a medical system, 
shown to the public and run by school children, to an 
audience of eminent medical statisticians. They were 
horrified. The rules were not in the jargon and did not 
have the precision of their own writing. But the public 


TABLE H 
SAMPLE CLARIFYING REGULATIONS APPLICATIONS BEING TACKLED 





Auditing procedures 

Brokerage commission rules 

Car entitlements of staff 

Cargo regulations 

Credit approval documentation and procedures 
Employment legislation 

Machine room safety 

Making a will 

Maintenance procedures 

Mandatory reporting procedures 
Medical packaging requirements 

Pay and allowances entitlement 
Pension scheme 

Personal taxation 

Permitted travel anc other allowances 
Road barrier requirements in law 
Rules for approving new products 
Sales commission scheme 

Sales guide 

Staff loans 

Staff relocation rules 

Statutory sick pay 

TA E NEE E a ELNE ot 
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would never read that writing, despite which they would 
discuss and mutually diagnose their own illnesses. 
Experts, in their writing, can be too sensitive to peer 
review and they frequently exaggerate their monopoly 
of accepted wisdom. Hence, the briefing of those doing 
the checking is a matter of delicacy if serious mistakes 
are to be avoided in the application without effort being 
wasted on superfluous refinement. 


3.3 Rare skills archiving 

This was the earliest type of application. The present 
Government's economic policies have led to numerous 
organisations reducing their staff levels dramatically. 
Some have belatedly discovered that they have, in 
consequence, lost a great deal of expertise. With much 
embarrassment and no publicity, redundant specialists 
have been rehired, as expensive consultants, to help 
record slivers of their expertise. It is absolutely 
impossible to replace all of a person's skill, but 
something of value can be achieved. It is very hard to 
get any details on these applications, but it appears that 
sample projects include Know-How about special 
chemical additives and their substitutes, the operation 
and maintenance of unusual or old plant (e.g. refiring a 
blast furnace after a rapid shut-down) and, in one case, 
the means of varying nationally agreed piece-work 
schemes without disrupting labour relations. More 
recently, companies have become a little less secretive 
and a few have introduced a policy of encouraging at 
least some of their specialists, who are close to 
retirement, to archive elements of their expertise. 

The category has also broadened of late. A Know- 
How program can be so much more fruitful than 
conventional flow charts or guides that the same 
approach is being apphed to the handling of rare events 
and disasters (e.g. a head office inspection, an 
acquisition of a new subsidiary company or a strike). 
One firm, absolutely dependent on petrol for its sales 
and maintenance force, built a Know-How program 
from hindsight after failing to anticipate the results of 
the last national strike of petrol tanker drivers. It 
contained a number of obvious but easily overlooked 
rules of thumb; one sexist rule which lingers in memory 
was: 


if he has petrol 

and she does not 

then bear in mind who will be collecting the 
children from school. 


It is characteristic of this category that it may be 
impossible to anticipate who will use the program, 
when and in what circumstances. This affects the 
presentation of the Know-How. In practice this varies 
between two extremes. There may be little contextual 
structure in the rules so that they are, essentially, a form 
of raw expertise which may serve as a background 
briefing for a future user. Alternatively, there may be a 
range of contexts so as to provide the unknown user 
with greater clarity as to the implications of, and the 


justification for, the stored expertise. Both may be 
advantageous where the user has a serious need for, and 
really does not possess, that expertise. However, this 
type of application works less successfully as an enhancer 
of existing skills because the latter requires the user's 
needs to be closely anticipated. 


3.4 Action guides 

These guides stretch from littl more than an 
archived skill (e.g. how an expert performs a particular 
set of tasks) to something that is not far from a full- 
scale adviser, albeit with end-users still responsible for 
their own decisions. In business these applications are 
often regarded as being of potential competitive 
importance so that little is revealed as to their progress. 
Once again it is advisable to start with modest goals 
which may be broadened after earlier success. One 
application that is attracting substantial investment is 
branch banking guides. The banks have the problem, 
shared by other big organisations, that they provide an 
increasing array of services (e.g. insurance, investments 
and mortgages), each of which has its own specialists in 
central and regional offices. However, the opportunity 
for sales includes everyday contact of branch staff with 
customers. Few branches can have specialist staff for 
any particular service so there is a problem of how to 
help, say, a Cotswold branch sell insurance to a sheep 
farmer. 

It is no secret that the senior managers of the London 
Clearing Banks have been disappointed by the sales 
performance of their banches for years. They do run 
seminars, but the primary medium of internal briefing is 
paper. The branches tend to have an awesome pile of 
paper, no doubt full of good stuff, but it is unrealistic to 
suppose it serves much purpose. It is possible that a 
carefully prepared library of Know-How programs 
could be made attractive to use, could build up the 
confidence of branch staff in their grasp of what should 
be sold to whom and through personal practice on the 
computer, help to make them feel comfortable in their 
ability to offer a sales pitch to long-standing customers. 

One snag about such plans (which in a different form 
also arises in the capture of the unwritten maintenance 
expertise in large engineering plants) is that of the 
threshold level of necessary Know-How. If a user 
department already has lots of personal computers then 
small applications may be distributed for occasional 
use. But if a new aid is being introduced for regular use, 
then it may require its own dedicated computers and 
will often need to be on a certain scale before that aid is 
meaningful. There can then be a “Catch 22” situation. 
No manager may be willing to confirm the development 
of the entire threshold level of applications without field 
trial results of the first projects, but adequate field trials 
may not be possible without that full set of 
applications. 

Fortunately, a way out of this kind of dilemma has 
begun to emerge. In practice, a Know-How program 
will rarely leave an internal regulation or written guide 
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undisturbed. There are two main reasons. Firstly, the 
management find it easier to exercise the program for 
themselves than read the relevant printed material. 
They are often disturbed by what they find and tend to 
order a change to the program. Secondly, most experts 
find the exercising of their Know-How causes them to 
obtain a better grasp of it as a whole and to modify 
what they would do in future. For example, the 
software may include a Knowledge Checker looking for 
errors and inconsistencies in the rules. This extends what 
a human can do by introspection alone. It 1s not yet 
accepted by all companies, but the programming of 
Know-How should always produce improvements that 
alone may make the effort worthwhile. 


4 SOME TENTATIVE CONCLUSIONS 

The big surprise for those working in this field is not 
the imperfections in current tools and techniques. It is 
that the very idea of instrumenting Know-How for 
human consumption has to be defended against 
vigorous attack. Those who have never seen an effective 
Know-How program frequently have little hesitation in 
dismissing its basic tenets. Even polite critics continue 
to raise issues that experience has largely resolved. For 
example, the socially aware are inclined to debate 
endlessly whether human experts will co-operate with 
an elicitation of their knowledge. The repeated 
experience that experts can be intrigued, but not 
ordered, into co-operation has little impact on such 
debates. The observation that for centuries enormous 
investments in time and money have been put into 
teaching and training material which ignores Know- 
How, is received in stony silence. In seminars at 
Expertech, over 500 large organisations have been 
challenged to identify a quality control or safety manual 
that embodies, readably, the verbal wisdom of their 
respected specialists. No response has ever been 
received to this challenge. 

The essential difficulty 1s flatly contradictory inter- 
pretations of reality. This was clarified by one particular 
vigorous series of exchanges. The lethal thrust was to 
the effect that there could be no assurance that a given 
program was not built from prejudice. This met the 
parry that, on the contrary, there was absolute 
assurance. All effective Know-How programs were 
composed of prejudice from experience which con- 
stituted the source of their power The result of the 
exchanges was a state of mutual incomprehension. 

On the other hand, there are enthusiasts who herald 
an impending renaissance in which instrumented Know- 
How 1s balanced with scientific truth in the recognised 
arsenal of decision-making knowledge accessible to 


human beings. If. this should come about it will not be 
due to the sudden marvels of any computing software, 
but ıt just might be a reaction to the careless treatment 
of Know-How hitherto. 

The question for medicine is similar to that of every 
profession. Should medical Know-How be left to verbal 
guidance alone? If not, how may it best be represented 
and exploited? The author is but a patient with a family 
of patients. Their interest is obvious. It is that 
authorised and exercisable medical Know-How be 
made available, as widely as possible, as a replacement 
for much gossip and as a supplement to the advice of 
overworked general practitioners. A final conclusion is 
that if this commodity is not supplied by physicians 
then the market need of patients will be met from 
commercial ventures, with whatever msks and benefits 
may flow from such an outcome. 
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ABSTRACT 

The inadence of radiographic visibility of the ossification 
centre of the body of the hyoid bone in radiographs taken 
during the first month of life was analysed for 34 autopsied 
infants: 16 with DiGeorge syndrome (DGS), 14 with tetralogy 
of Fallot (TOF), four with interrupted aortic arch (IAA) and 
a further 13, surviving infants with non-DGS TOF or non- 
DGS IAA. The incidence of visible hyoid ossification centre 
(HOC) was 75.7% in a control series of infants with neither 
congenital heart disease (CHD) nor DGS Autopsied patients 
with DGS, TOF without DGS, and IAA without DGS showed 
a £gnibcantly low incidence of visible HOC Infants with TOF 
(and possibly those with LAA) who did not have DGS and 
who did not die during mfancy showed a normal incidence of 
visible HOC in radiographs taken during the first post-natal 
month. Radiological visibility of the HOC ın the first post- 
natal month appears useful in the diagnosis of DGS and forms 
of CHD often seen in association with DGS and in assessing 
prognosis of neonates with certain types of CHD. 


The DiGeorge syndrome (DGS; III-IV pharyngeal 
pouch syndrome) includes absence of the thymus and 
parathyroid glands (derivatives of third and fourth 
pharyngeal pouches) in complete DGS and hypoplasia 
of either or both the thymus and parathyroid glands in 
partial DGS. Congenital heart disease (CHD) is a 
frequent feature of DGS, with Type B interruption of 
the aortic arch (IAA) a distinctive finding (Moerman 
et al, 1980; Van Mierop & Kutsche, 1984; Ferry & 
Hohn, 1985; Wells et al, 1986); the aortic arch is a 
derivative of the fourth branchial arch, which hes 
between the third and fourth pharyngeal pouches in 
early fetal life. 

Recent studies of the thyroid cartilage (a derivative of 
the fourth branchial arch) have found reduced size and 
retarded maturation of this cartilage in DGS, and also 
in patients with tetralogy of Fallot (TOF) suspected but 
not proven to have DGS (Wells et al, 1986). Although 
some authors describe the hyoid bone, a derivative of 
the second and third branchial arches, as ossifying from 
six centres, two in the body and one in each of the 
greater and lesser cornua, the youngest fetuses we have 
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studied have had only one ossification centre in the 
body, suggesting that, if there are two centres in the 
body of the hyoid in early fetal life, they fuse shortly 
after forming, as is also the case, for example, in the 
basi-sphenoid. For this reason, in this paper we refer 
to ossification of the body of the hyoid as being from 
one centre. It is usually the first centre of the hyoid 
which becomes visible radiographically. Since the third 
branchial arch is immediately cephalad to the third 
pharyngeal pouch, the present study was conducted to 
establish whether abnormality of the hyoid bone also 
occurs in DGS and TOF. We have found no prior 
reports of specific association of radiographically 
demonstrable hyoid-bone abnormalities with congenital 
heart disorders or other malformation syndromes. 


PATIENTS AND METHODS 

Chest radiographs, either lateral or antero-posterior 
(AP) views, with the head rotated to one side (Fig. 1), 
of 34 autopsied infants with CHD who had radiographs 
taken before age 1 month at Childrens Hospital of Los 
Angeles (the autopsy series), were reviewed for visibility 
of the ossification centre in the body of the hyoid bone. 
Comparable radiographs of 37 neonates without CHD 
or DGS were also reviewed (the radiology control 
series). 

The incidence of radiologically visible hyoid ossifica- 
tion centre (HOC), sex and mean age of the patients in 
each group at the time of radiography are presented in 
Table I and Fig. 2 for the following groups of patients: 
16 patients with DGS, 14 autopsied patients with TOF 
but without DGS and four autopsied patients with IAA 
but without DGS. The data for these categories of 
patients were compared with a control group, consisting 
of 37 neonates of comparable age who had neither 
DGS nor CHD, from the Radiology Department files. 
The findings in the autopsied patents with non-DGS 
TOF (14 patients) and non-DGS IAA (four patients) 
were also compared with those of radiographs taken 
during the first month of life of neonates with these 
same conditions who have not died (the cardiology 
series). These data are also presented in Table I and 
Fig. 2, with the results of statistical analysis (y?) of the 
distributions observed. Student's r-test was used to 
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FIG. | 


Antero-posterior chest radiograph of |l-day-old male infant 


showing complete DGS with non-visibility of the HOC 


(arrow) 


evaluate differences in length of survival of patients 
with partial versus complete DGS. 


RESULTS 

The incidence of radiographically visible HOC in 
neonates | month of age or less at the 
radiological examination was 75.7% in the radiology 
control series. No difference between the sexes was 
apparent. The earliest gestational age at which the HOC 
was visible in the radiology control series of this study 
was 29 weeks. 

Patients with DGS had a reduced incidence of visible 
HOC in radiographs taken during the first post-natal 
month, compared with the radiology control series 
(4/16 = 25% vs 28/37 = 75.7%, p< 0.001; complete 
DGS, 0/5 = 0%: partial DGS, 4/11 = 36%) (Table 1). 
The non-DGS TOF infants from the autopsy series also 
showed a low incidence of visible HOC (2/14 = 14%) in 
radiographs taken within | month after birth, as did the 
four patients with non-DGS IAA from the autopsy 
series, none of whom had visible HOC on radiographs 
taken during the first month. In contrast, eight of 11 
infants with non-DGS TOF who did not die in infancy 
had radiographically visible HOC during the first post- 
natal month (72.7%), as did the two infants with non- 
DGS IAA who did not die in infancy. 

Infants with partial DGS who died lived significantly 
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Fic. 2 
Relationship of the incidence of radiographically visible HOC 
In Various groups of patients to the average age (days) at the 
time of radiography, showing significantly reduced visibility of 
HOC in autopsied patients with DGS, non-DGS TOF and 
non-DGS IAA, compared with the value in the radiology 
control series. The incidence of radiologically visible HOC is 
also normal in surviving infants with non-DGS TOF 


longer (age at death 72.6 +89.6 days, p < 0.05) than did 
patients with complete DGS (18.1 + 14 days). 

Six of the 34 autopsied patients (18%) with DGS. 
non-DGS TOF, or non-DGS IAA (four females and 
two males) were hispanic (three), black (two) or oriental 
(one). The incidence of visible HOC in these patients 
was 1/6 (17%), i.e. no ethnic effect on this feature was 
apparent, a finding of interest since blacks and orientals 
have been reported to have earlier appearance of 
appendicular skeleton ossification centres than 
caucasians (Durham et al, 1939; Christie, 1949; Garn 
et al, 1967; Pryse-Davies et al, 1974). 


DISCUSSION 

Hyoid ossification normally begins in the fifth month 
of gestation (Hill, 1939), and at term the centre in the 
body of the hyoid bone is radiographically demon- 
strable in 75% of neonates (Tompsett & Donaldson. 
1951). In lateral projection, its shape varies from that of 
a triangle with the base posterior to that of a half-ellipse 
with the convexity anteriorly. The centre is visible at the 
level of the second to third cervical vertebrae in lateral 
radiographs, and also in AP chest views of many 
infants, especially if the head is rotated to one side. 
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TABLE I 


INCIDENCE OF VISIBILITY OF THE HYOID OSSIFICATION CENTRE IN 
RADIOGRAPHS TAKEN DURING THE FIRST POST-NATAL MONTH, FOR 
PATIENTS WITH DIGEORGE SYNDROME, AND TETRALOGY OF 
FALLOT OR INTERRUPTED AORTIC ARCH WITHOUT DiGEORGE 


SYNDROME 
No. of | Incidence of visible 7°* 
patients HOC 
Tompsett and 500 376/500 = 75.2% 
Donaldson (1951) 
Controls (non- 37 28/37 = 75.7% 
CHD) (F = 13; 
M = 24) 
DiGeorge syndrome 16 416 = 25.0% + < 0.01 
(F = 9; M = 7) 
(partial 11) 411 = 36.094 
(complete 5} 0/5 = 0% 
Tetralogy of Fallot 14 2/l4 = 14.0% t « 0.01 
(non-DGS), fatal 
(F = 9; M = 5) 
Interrupted aortic 4 0/4 = 0% 
arch (non-DGS), 
fatal (F = 2; M = 2) 
Tetralogy of Fallott 11 SM = 72.7% NS 


(non-DGS), not 
fatal (F = 5: M = 6) 
Interrupted aortic 2 2/2 
arch (non-DGS), 
not fatal 


i 

= 
z 
= 


Total, this series 84 





The oldest autopsied patient with non-DGS TOF was aged 2 
years 6 months (group mean age = 5.27 months); the youngest 
surviving patient with non-DGS TOF was aged 2 years 3 
months (group mean age 5 years 4 months) (p « 0.001). 
*Probable significance. NS — not significant. 


Tompsett and Donaldson (1951) in the study 
referred to above, showing radiographic visibility of the 
HOC in 75% of normal neonates, found no difference 
between the sexes. The latter observation, which is 
supported by the data in this report, is of interest in 
view of the well known sex difference in ossification- 
centre appearance for the appendicular skeleton, with 
earher appearance in females (Pryor, 1923; Durham 
et al, 1939; Christie, 1949; Pryse-Davies et al, 1974). 

The high association of DGS (partial and complete) 
with TOF (all forms) (Rose et al, 1974; Moerman et al, 
1980; Wells et al, 1986), the abnormally small thyroid 
cartilage seen in DGS and in patients with TOF 
suspected of having DGS (Wells et al, 1986). and the 
abnormally low incidence of visible HOC in radio- 
graphs taken during the first post-natal month for 
patients with DGS and non-DGS TOF are consistent 
with a proposal that the cause(s) or mechanism(s) of 
DGS and of TOF have elements in common. Reduced 
radiographic visibility of HOC in autopsied patients 


with IAA, a lesion also associated with DGS (Conley 
et al, 1979; Moerman et al, 1980; Van Mierop & 
Kutsche, 1984; Ferry & Hohn, 1985; Wells et al, 1986), 
was also found. 

Of interest was the normal incidence of visible HOC 
(72.7%) in radiographs taken during the first month of 
hfe of patients with. non-DGS TOF who did not 
subsequently die, compared with the low value (14%) 
for the non-DGS TOF patients who did die. Reduced 
visibility of HOC in autopsied patients with non-DGS 
TOF does not seem to be due to reduced gestational age 
or multiparity, as only two patients in this study with 
non-DGS TOF were premature and only one (born at 
term) was a twin. The differences in the incidence of 
visible HOC in the first month of life between the two 
populations of TOF may suggest that there are two 
biological types of TOF. 

Two infants with non-DGS IAA who survived after 
surgical correction (cardiology series) of the lesion had 
radiographically visible HOC, while all four patients 
with non-DGS IAA who died in early infancy did not. 
The possibility that radiographic visibility of the HOC 
in a neonate with TOF or IAA implies a better 
prognosis would appear to merit further study. 

The finding that the infants in the study with partial 
DGS live significantly longer (p < 0.05) than those with 
complete DGS is of interest. Calculations from the data 
of Conley etal (1979) show a similar difference 
(p « 0.05) in duration of survival for patients with 
partial DGS versus those with complete DGS. The data 
from the present study suggest that partial DGS is the 
most probable diagnosis for an infant diagnosed as 
having DGS who survives beyond about 32 days (mean 
+1 SD for complete DGS) without specific treatment. 
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ABSTRACT 


The incidence of radiographic vimbility of the —Z 


centres of the body of the hyoid bone and of the humeral 
capital epiphysis in antero-posterior or lateral chest radio- 

graphs taken dunng the first month of life of 63 -autopaed 
infants were analysed The group comprised patients with 
Dowh's syndrome (DS) with congenital heart disease, 15; com- 
‘plete transposition of the great vesecls (TGV), 10; Ivemark 
. &splenia syndrome (IS), 17; and a control group of infants with 
‘congenital beart disease (CHD) who had none of the above 
conditions, nor tetralogy of Fallot, interrupted aortic arch, 
DiGeorge syndrome or hypoplastic left-heart complex, 31 The 
incidence of radiographically visible hyoid ossification centre 
(HOC) in the control group was 71% and of humeral capital 
epiphyms (HE), 16.1%. Autopsied infants with TOV, IS or 
DS with CHD showed increased visibility of HOC (100%); the 
incidence of visible HE was increased in neonates with IS 
(71.4%) and with TGV (50%). The differences in the incidence 
of radiographic visibility of HOC and HE in neonates with 
CHD, in this study and in others m the literature, appear to 
have diagnostic value. 


The specific diagnosis of congenital heart disease 
(CHD) by chest radiography, of a newborn infant 1s 
frequently difficult as there are few specific findings. The 
ossification centre of the body of the hyoid bone, a 
derivative of the second and third branchial arches, is 
radiologically visible in approximately 75% of normal- 
term neonates. Recent studies have shown a significant 
decrease in incidence of visibility of the hyoid 
ossification centre (HOC) in infants with DiGeorge 
syndrome and tetralogy of Fallot (Wells et al, 1986). 
Presence or absence of a visible HOC may thus aid in 
the specific diagnosis of CHD in a neonate. The present 
study was designed to investigate the incidence of 
radiologically visible ossification of the hyoid bone and 
humeral capital epiphysis (HE) ın radiographs of 
infants with different types of CHD taken during the 
first post-natal month. 


Presented in part at the symposium “Pediatric Pathology— 
Past, Present and Future”, September 12-14, 1985, in 
Edinburgh, Scotland, and the Society of Pediatric Pathology 
Meeting, March 8-9, 1986, New Orleans, Louisiana 


MATERIALS AND METHODS 
The incidence of visible HOC and HE was 
determined from chest radiographs, either lateral or 
antero-posterior (AP) views with the head rotated to 


one side (Fig. 1), of 32 autopsied infants with CHD, 


who had chest radiographs taken during the first post- 
natal month. The diagnoses of these infants were 
Down’s syndrome (DS) with CHD (15); complete 
transposition of great vessels (TGV) (10), and Ivemark 
asplenia syndrome (IS) (7). Comparable data for a 
control group of 31 autopsied infants with CHD who 
had none of the conditions listed above, nor tetralogy 
of Fallot (TOF), interrupted aortic arch (IAA), 
DiGeorge syndrome (DGS) or hypoplastic left-heart 
complex, were also obtained (the autopsy control 
series). Age at the time of radiography, sex and ethnic 
group were also noted. The radiographs of all 63 
autopsied infants in this report are in the files of the 
Gabrial C. Duque Jr Memorial Cardiac Registry of the 
Pathology Department, Childrens Hospital of Los 
Angeles. 

The incidence of radiographically visible HOC and 
HE, the ratio of % HOC visible/% HE visible for the 
various groups of patients and the mean age of the 
patients in each group at the time of radiography are 
presented in Table I and Fig. 2, with the results of 
statistical analysis (y?) of the distributions observed. 


RESULTS 

Hyoid ossification. The incidence of radiographically 
visible HOC in neonates 1 month of age or less at the 
time of radiological examination was 71% in the 
autopsy control series, with no difference between the 
sexes. The earliest gestational age at which the HOC 
was radiographically evident in the autopsy control 
series was 36 weeks. Infants with complete TGV, IS or 
DS with CHD had an increased incidence of visible 
HOC in radiographs taken dunng the first month of 
life, compared with the autopsy control series (100% 
versus 71%), as shown in Figs 2 and 3. 


Humeral capital epiphysis. The incidence of visibility 
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Fic. | 
Antero-posterior chest radiograph of 3-day-old female with 
hypoplastic left-heart syndrome showing HOC (arrow), 


of the HE in radiographs taken during the first post- 
natal month was 16.1% in the autopsy control series, 
with female infants showing increased visibility com- 
pared with males (22.2% versus 13.6%). Five infants in 
this control series were Hispanic (4) or Black (1), and 
there was no apparent ethnic effect on the data. The 
incidence of visible HE in radiographs taken in the first 


% Visible HE 





oe SAS Ba 


post-natal month was increased in infants with IS 
(5/7 = 71%), or with complete TGV (5/10 = 50%, 
p < 0.05), as compared with 16% for the autopsy 
control series (see Fig. 3 and Table I), but was only 
20% (3/15) in infants with DS with CHD. 

The ratio % HOC visible/% HE visible for the 
autopsy control series was 4.44. The value of this ratio 
was low for autopsied infants with IS (1.40) and 
complete TGV (2.00) but was not abnormal (5.00) for 
the infants with DS with CHD. 


DISCUSSION 

Tompsett and Donaldson (1951) reported the 
incidence of a radiographically visible HOC in 500 
normal neonates to be 75.2%, with no difference 
between the sexes. The findings in this report and those 
of a previous study (Wells et al, 1986) confirm those 
observations. The previous study showed significantly 
low incidence of visible HOC in radiographs of infants 
with DGS, non-DGS TOF, or non-DGS IAA in the 
first post-natal month. In contrast, all comparable 
neonates with IS, complete TGV or DS with CHD in 
this study had 100% radiographic visibility of the HOC 
(Figs 2 and 3 and Table I). This observation. at least for 
infants with DS, was an unexpected finding, since 
delayed ossification of other centres has been reported 
in this syndrome (Hall, 1966; Willich et al, 1975; Taybi, 
1983). Equally unexpected was the finding that the five 
infants in this study with DS who also had TOF had 
increased visibility of the HOC (100%) compared with 
patients with TOF alone (14%) (Wells et al. 1986). 

Kuhns et al (1973) have reported the incidence of 
radiographically visible HE to be 15% at term, with an 
increased incidence (78%) in neonates with TGV, and 
Kuhns and Finnstrom (1976) found the incidence at 
term, in a different population, to be 10%. Because of 


Fic. 2. 
radiographically 
visible HOC and HE to average age of 
different time of 
\ radiography, showing three trends com- 
N pared with normal % visible HOC 
k (shaded band): (1) significantly low % 
NS lL visible HOC in neonates with DGS, non- 
DGS 


Relationship of % 
| patient 


groups at 


TOF (fatal) or non-DGS IAA: 
increased % visible HOC in 
neonates with IS, TGV and DS. with 
(3) those with IS and TGV also showing 
increased % visible HE. 
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Patient group No. of 
cases 

Tomsett & Donaldson, 1951 

Controls (non-CHD) 37 
F = 13, M = 24 

Controls (autopsy series) 31 
F = 9 M =m 22 

DS with CHD 15 
F = 6; M = 9 

IS 7 
F=2 M5 

TGV 10 
F m4: Mag 

DGS 16 
F = 9; Mom 7 
partial, 11 
compkte, 5 

TOF (non-DGS) 14 
F a 9; M = 5 (fatal) 

IAA (non-DGS) 4 
F=2 M = 2 (fatal) 

TOF (non-DGS) 11 
F = 5; M = 6 (not fatal) 

IAA 2 
(not fatal 

Total 147 


TABLE I 
INCIDENCE OF VISIMLITY OF THE HOC AND oF THE HE IN RADIOGRAPHS TAKEN DURING THE FIRST POST-NATAL MONTH, POR GROUPS 


% visible HOC 


376/500 = 752 
28] 37 = 75.7 


22/ 31= 71.0 
15/ 15 = 100 
7] 7-100 
10/ 10 = 100 
4| 16 25.0 


4j 1l = 36.0 


a 


NS 


* 


OF INFANTS WITH VARIOUS TYPES O€ CHD 


% visible HE y 


5/37 = 13.5 
5/31 = 16.1 
3/15 = 20.0 
5/ 7 = 71.4 
5/10 = 50.0 
1/16 = 6.25 
2/14 = 140 
O/ 4m 0 
3/11 m 272 


0/ 2- 0 
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12 3 


18 5 





*y? statistic not done because small numbers do not permit valid statistical results. 
TProbable significance, compared with autopsy control series or non-CHD controls 


Fia. 3. 


Incidence of radiographically visible 
HOC and HE in the first post-natal 


month. Neonates with DGS and non ' 


DGS TOF (both groups autopsied) show 
ugnibcantly low % visible HOC com- 
pared with the pooled controls or non- 
DGS TOF (surviving) groups Neonates 
with DGS also demonstrate low % visible 
HE values Increased % visible HOC is 
geen in neonates with DS, TGV and IS, 
increased % visible HE is seen in IS and 
TGV. 
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uncertainty about the possible inclusion of patients with 
IS in the category "transposition of great vessels" in 
Kuhns' data, in the present study tbe radiographic 
incidence of HE in patients with IS and those with TGV 
was analysed separately (Fig. 2 and Table D), with the 
finding that neonates with both IS and TGV show an 
increased incidence of visible HE (71% and 50*4, 
respectively). 

Review of the available radiographs of the patients 
with DGS, non-DGS TOF or non-DGS IAA (Wells 
et al, 1986) showed an abnormally low incidence of 
visibility of both the HOC and the HE in infants with 
DGS or non-DGS IAA, while infants dying with non- 
DGS TOF showed reduced visibility of the HOC only. 
Abnormal migration of neural crest cells into the region 
of developing branchial pouches III and IV, and 
branchial arch IV, has been proposed as a mechanism 
of DGS (Taleporos et al, 1978; Brockman & Kirby, 
1984; Binder, 1985). The above observations raise the 
possibility that the migration of neural crest cells may 
influence the development of the appendicular as well as 
the axial skeleton. 

The varied radiographic findings seen in neonates of: 
reduced visibility of the HOC and the HE in patients 
with DGS and in those with non-DGS IAA; of reduced 
incidence of visibility of the HOC but not of the HE in 
patients with non-DGS TOF; and increased visibility of 
HOC in patients with IS, complete TGV or DS with 
CHD, demonstrate a variety of relations of CHD to 
skeletal structures. Since the hyoid bone normally 
begins to ossify in the 20th gestational week (Hill, 1939) 
while the HE is not normally radiographically visible 
until about the 37th week of gestation (Kuhns et al, 
1973), 1t is obvious that reduced incidence of visibility 
of HOC will more commonly be of diagnostic aid than 
increased visibility (cf. DGS), whereas increased 
incidence of visibility of the HE will more commonly be 
useful (cf DS with CHD versus IS). Radiological 
visibility of an ossification centre depends both on its 
size and on its degree of maturation. Data of the sort 
presented in this study may shed light on the stage of 
maturation of the skeletal system generally ın some 
disorders or on specific deviation of some centres from 
others in certain conditions, either as a reflection of 
primary pathogenetic mechanism(s) or as a secondary 
feature Whether of use simply as a diagnostic aid or as 
a clue to more fundamental pathogenetic processes, the 
data of this and the preceding paper (Wells et al, 1986) 
appear to offer suggestions for future studies. 

The material of both these studies does not permit 
reliable conclusions as to when the HOC becomes 
radiographically visible in patents with those types of 
CHD with low incidence of visible HOC in radiographs 
taken during the first post-natal month—DGS (25%), 
non-DGS TOF (fatal) (14%), non-DGS IAA (fatal) 
(0%). In the material of the previous study, none of the 
16 patients with DGS nor the four with fatal non-DGS 
IAA had diagnostic radiographs taken after the age of 1 


month. Of tbe 14 infants with fatal non-DGS TOF, 
only three had diagnostic radiographs taken after the 
first month. The HOC was visible in one of these 
patients at 3 months, but not in the other two at ages 77 
days and 1 year, respectively. 

Further study would be of use in determining 
whether, for any of the categories with reduced 
incidence of visible HOC in radiographs taken during 
the first month of life, the reduced visibility is due to 
small size of the HOC anlage (hypoplasia), to 
retardation of the process of endochondral bone 
formation (dysmaturity), to reduced formation of bone 
matrix (osteopenia), or to reduced degree of mineralisa- 
tion of calcified cartilage matrix or bone matrix 
(osteomalacia), or whether the HOC never becomes 
visible and can be presumed to be "absent" in some 
patients or categories of patients. 
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ABSTRACT 

Radionuchde oesophageal tranmt time was evaluated in 70 
individuals, divided into three groups: normal individuals, 
patients with non-organic dysphagia and patients with primary 
oesophageal motility disorders treated with per-endoscopic 
forced pneumatic dilatation In all of them the oesophageal 
transit ume of a bolus of water with 18.5 MBq (500 uC) of 
97Tc™ sulphur colloid was assessed, as was the percentage of 
residual activity of the bolus in the oesophagus There was a 
significant difference in these parameters between the control 
group and the group with non-organic dysphagia, the 
diagnostic capacity of this test being 93% sensitivity, 100% 
specificity, [00% positive predictive value and 90% negative 
predictive value, which suggests its inclusion in diagnostic 
protocols of dysphagias In patients with primary oesophageal 
motility disorders, a significant decrease in values of residual 
activity has been observed after treatment with per-endoscopic 
forced pneumatic dilatation. 


Since radionuclide oesophageal transit was introduced 
in 1972 by Kazem, various authors (Gross et al, 1979; 
Tolin et al, 1979, Russell et al, 1981; Holloway et al, 
1983; Kjellen et al, 1984) have evaluated the usefulness 
of this technique in the diagnosis and assessment of 
therapy for patients with functional oesophageal 
pathology and have considered it to be an easy method, 
comfortable for the patient, exempt from risks and with 
a high diagnostic reliability in this type of condition. 
However, its exact place in the diagnostic protocols of 
patients with dysphagia and in assessing the efficiency 
of the treatment of primary oesophageal motility 
disorders has still not been conclusively established. 

The purpose of this study ıs twofold: firstly, to 
analyse through a prospective study the diagnostic 
usefulness of radionuclide oesophageal transit time in 
patients with non-organic dysphagia and, secondly, to 
assess the usefulness of the technique as an objective 
method of control of the therapeutic efficiency of 
pneumatic dilatation in patients with primary 
oesophageal motility disorders. 


PATIENTS 
Seventy patients were divided into three groups 


Address for correspondence JM Llamas-Elvira, 
Departamento de Radiologi y Fisioterapia, Facultad de 
Medicina, Avda Menendez Pidal s/n, 14004 Cordoba, Spain 


Controls 

In this group there were 18 individuals (13 male, five 
female) with no digestive symptoms or any systemic 
illness, with an age range of 25—42 (mean 34) years. 
They all volunteered to submit to radionuclide 
oesophageal transit estimation after being completely 
informed about the procedure. 


Patients with non-organic dysphagia 

All the patients at the Digestive Medicine Depart- 
ment of “La Fe" Hospital between January and 
December 1985 suffering from dysphagia were included 
in a diagnostic protocol that included video radiology, 
oesophagoscopy, radionuchde oesophageal transit 
estimation, manometry and monitoring of pH. Thirty 
patients were selected in whom the existence of an 
organic oesophageal lesion had been excluded by 
endoscopic and video radiological studies. There were 
17 males and 13 females, with an age range of 30-8] 
(mean 58) years. 

The patients were classified according to the criteria 
of Vantrappen etal (1979), taking into account 
peristalsis (P, present; p, absent), lower oesophageal 
sphincter relaxation capacity (R, normal relaxation; r, 
no or incomplete relaxation), and the character of 
deglutitive response (V, vigorous, i.e more than three 
consecutive waves or waves lasting more than 6 s or 
with an amplitude higher than 120 mm Hg; v, non- 
vigorous). Using these parameters two subgroups were 
defined: achalasia (prv, prV) and intermediate motility 
disorder (any other combination) Two more 
possibilities were observed: normal findings and a 
diagnosis of sympomatic peristalsis (Benjamin et al, 
1979). The latter consisted of primary contraction 
waves which have an average amplitude over 
120 mm Hg and attain a maximum amplitude of over 
200 mm Hg. 

The manometric patterns of the patients in this group 
are presented in Table I. 


Patlents with primary oesophageal motility disorders 
treated with per-endoscopic pneumatic dilatation 

All patients diagnosed with a primary oesophageal 
motility disorder suitable for non-pharmacological 
treatment were offered the possibility of being treated 
with per-endoscopic forced pneumatic dilatation. Of the 
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TABLE I 


MANOMETRIC PATTERN, PERCENTAGE OF RESIDUAL ACTIVITY AND 
TRANSIT TIME IN PATIENTS OF THE SECOND GROUP 


Manometric Standing Supine 

pattern ee 
Residual Transit Residual Transit 
activity time activity time 
(^) (s) (%) (3) 

prv 85 > 45 

prv 70 > 45 

prv 67 > 45 

prv 78 > 45 

prv 75 > 45 

pry 82 >45 

pry T2 > 45 

prv 79 >45 

pry 16 > 45 

pRv 64 > 45 

pRv 69 > 45 

pRv 66 > 45 

pRv 75 > 45 

pRv T] >45 

pRV 75 > 45 

pRV 79 > 45 

pRV 25 > 45 

PRv 32 > 45 

Prv 6 7 45 > 45 

SP 8 7 43 > 45 

SP 19 > 45 

SP 18 > 45 

SP 3 17 60 > 45 

SP 6 5 8 9 

SP 5 4 7 85 

NM 15 > 45 

NM 65 19 

NM 15 > 45 

NM 19 > 45 

NM 16 > 45 


P = peristalsis present, p= perstalms absent, R = normal 
relaxation, r= no or incomplete relaxation, V = vigorous 
deglutitrve response, v « non-vigorous deglutitive response, 
SP = symptomatic peristalms and NM = normal manometry 


22 patients selected for this treatment, a radionuclide 
oesophageal transit was carried out 1 month before and 
after the dilatation on seven (four with achalasia and 
three with intermediate motility disorder) Four of these 
were males and three females, with an age range of 
30—75 (mean 45) years. In another 15 patients, 13 with 
achalasia and two with intermediate motility disorder, 
radionuclide oesophageal transit estimation was carried 
out only after dilatation (mean 9 months, range 6-12 
months). There were eight males and five females, with 
an age range of 37-77 (mean 58) years. 

Before dilatation, all patients were in Clinical Stage 
IV, according to a previously established scale (Table 
II. After dilatation, dunng the radionuclide study, 
three patients were in Clinical Stage IV, three in Stage 
Ill, six in Stage II and 10 in Stage I. 


TABLE H 


CLASSIFICATION OF PATIENTS WITH PRIMARY 
OBSOPHAGEAL MOTILITY DISORDERS 


CLINICAL 


Stage Symptoms 


I None 
H = Dysphagia or pain (lasting less than 2 min. Frequency 
once a week or less) 
Iii Dysphagia or pain (lasting 2-10 min. Frequency: more 
than once a week, less than once a day) 


IV Dysphagia or pain (lasting more than 10 min. 
Frequency: once a day or more). Weight loss and/or 


regurgitation 


METHODS 

Videoradiology 

A barium swallow was performed and recorded on 
videotape. All studies were later carefully analysed by a 
radiologist who reported on the normality or 
abnormality of the examination, and, in abnormal 
cases, about the organic or functional nature of the 
process. 


Oesophagoscopy 

Endoscopic examinations were performed with a 
forward viewing endoscope. The endoscopist was asked 
to exclude the possibility of organic oesophageal 
disease. In all cases, tissue samples of the oesophago- 
gastric junction were taken for histopathological study. 


Radionuclide oesophageal transit estimation 

Al studies were performed in the morning after an 
overnight fast of at least 8 h. The individual was 
examined in a standing and/or supine position, in front 
of or under a digital gamma camera (Toshiba, GCA- 
501 S) with a low-energy general-purpose collimator 
(RDC 43 A). Through a straw, the patient sucked 
15 ml of water with 18.5 MBq (500 wCi) of ??Tc* 
sulphur colloid, kept in the mouth and swallowed, on 
request, in one deglutition. Images were then taken 
every 0.5 s for 45 s, on a 64x64 matrix, the patient 
having been asked not to swallow during this period 

Àn area of interest of the oesophagus was then 
selected on the computer screen after identifying its 
proximal and distal ends (during the study an external 
marker was placed at the level of the cricoid cartilage). 
This area was divided in three equal parts: the upper, 
middle and lower thirds of the oesophagus (Fig. 1). 
Later, the computer generated time-activity curves of 
the oesophageal area and of each one of its thirds. 

In most cases, the values towards the end of the curve 
fluctuated, and, in order to faciltate subsequent 
calculations, a straight line was drawn at the arithmetic 
mean of the values of the last 20 points, corresponding 
to the last 10 s. 

The curves were analysed quantitatively and qualita- 
tively. For the quantitative analysis, two parameters 
were used: the percentage of residual activity (residual 
activity divided by maximal activity, expressed as a 
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Fic. I. 


Scintigraphic image of the oesophagus divided into three equal 

grap ge phagus q 

parts, the upper, middle and lower thirds. C: external marker 
placed on the cricoid cartilage. 


percentage), and the transit time (seconds elapsed from 
the arrival of the bolus until the activity equalled the 
percentage of normal residual activity obtained by the 
control group) (Fig. 2). These values were calculated for 
the whole of the oesophagus and for each one of the 
thirds into which it had been divided. Qualitatively, two 
phenomena were taken into account: sequentiality. 
assessed by the sudden upstroke of the activity peak in 
each oesophageal third, and retention profile, when it 
was abnormal, classifying it as adynamic or static when 


C 






SEG 


Fic. 2. 


An ideal time-activity curve, showing how residual activity (R) 
and transit time (TT) have been calculated. 


it was relatively stable, and dynamic when it presented 
large transitory fluctuations that suggested bidirectional 
transit of the radionuclide. 


Oesophageal manometry and pH measurement 

Manometric studies were performed following a 
method described previously (Ponce et al, 1982) with a 
low distensibility pneumohydraulic pump (Arndorfer. 
Medical Specialities, Wisconsin) that perfused the three 
catheters to the exploratory probe. 

Gastro-oesophageal reflux was excluded in all 
patients after a standard pH measurement, following 
a method described previously (Ponce et al, 1982). 


STATISTICAL CALCULATIONS 

Statistical assessment was carried out using Student's 
t-test for paired or unpaired data (whichever they were), 
considering the differences as statistically significant for 
p < 0.05. Values in the text are expressed as arithmetic 
mean + | SD. The values of the diagnostic sensitivity 
were obtained with the formula TP/(TP-- FN). the 
values of diagnostic specificity with TP/(TP + FP), and 
the predictive values of the negative result with 
TN(TN- FN). where TP = true positive, FN = false 
negative, TN — true negative, and FP — false positive. 


RESULTS 
Controls 

In the control group. with normal individuals, the 
mean values of the percentage of residual activity were 
7.3+1.9% in all studies of standing patients and 
8.8 4- 1.6% for patients in a supine position. In all cases, 
it was less than 10% in the standing position and less 
than 15% in the supine; these values were accepted as 
the limits of normality. 

The mean transit time in the standing position was 
3.3--0.3 s for the upper third, 4.66 +0.70 s for the 
middle third and 5.74-1.2 s for the lower third and 
5.9+1.1 s for the whole of the oesophagus. In supine 
position, the mean transit time was 3.9+0.7s, 
49+1.6s. and 6.2+1.4s for the upper. middle and 
lower oesophagus, respectively, and 7.8+1.6 s for the 
whole of the oesophagus. In all cases and in either 
position, the total transit time was less than 10 s, which 
was accepted as the upper limit of normality. Both the 
percentage of residual activity and transit time were 
significantly lower in the standing than in the supine 
position (p « 0.01 and p « 0.005, respectively). 

All individuals in this group displayed sequentiality 
in activity peaks (Fig. 3). 


Patients with non-organic dysphagia 

The videoradiographic study of this group detected 
abnormality in the nine patients with achalasia (100% 
sensitivity). Out of the 10 patients with intermediate 
motility disorder, only six were considered abnormal 
(6895 sensitivity), Three of the six patients with 
symptomatic peristalsis (50% sensitivity) and none of 
the five patients with normal manometry (0% 
sensitivity) presented abnormalities. 
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The time-activity curves generated in patients with 
achalasia and intermediate motility disorder presented a 
pattern of adynamic retention of the radionuclide, 
mainly due to stasis in the lower third and, to a lesser 
extent, the middle third, whereas activity in the upper 
third was normal (Fig. 4). A dynamic retention pattern 
was observed in one of the three patients with 
intermediate motility disorder and vigorous motility 
pattern (Fig 5). In one patent with intermediate 
motility disorder who had not lost the capacity to 
generate primary contractions and in four patients with 
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FIG. 3. 
Tume—-activity curves from a normal 
individual for the whole oesophagus (1) 
and each one of its thirds. upper (2), 
middle (3) and lower (4) Note sequential 
"AES . activity peaks in the oesophageal thirds. 
J. v e The graph stops at 12.5 s. 


symptomatic peristalsis, 
sequential profile (Fig. 6). 

Table I presents the values of the percentage of 
residual activity and transit time in the standing and 
supine positions of patients in this group. Only two of 
the patients with symptomatic peristalsis had all normal 
values. Therefore, the analysis of the diagnostic 
capacity of radionuclide oesophageal transit gave the 
following results: 93% sensitivity, 100% specificity, 
100% positive predictive value and 90% negative 
predictive value. 
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Patients with primary oesophageal motility disorders 
treated with penumatic dilatation 

In the seven patients with pre- and post-dilatation 
radionuclide studies, the percentage of residual activity 
changed from 75.2+7.2% to 47.3+6.1% (p < 0.05). 
but no case reached normal levels. The decrease was 
greater in the patients who, after dilatation, were in 
Clinical Stage I. 

The percentage of residual activity in the 15 patients 
with post-dilatation radionuclide oesophageal transit 
was 32.2+25.1%,. significantly lower than the 
percentage of residual activity obtained by untreated 


patients with similar pathology (non-organic 
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dysphagia). In four patients in Clinical Stages I, I] and 
IV. the percentage of residual activity did not reach 
normal levels. 


DISCUSSION 

In our study, transit time obtained in normal subjects 
(always under 10 s) was comparable with that obtained 
in previous reports (Kazem, 1972; Bosch et al, 1977; 
Tolin et al, 1979; Russell et al, 1981; Benjamin et al. 
1983). Transit time and the percentage of residual 
activity in the standing position were significantly lower 
than in the supine. This may be attributed to the fact 
that the force of gravity is added to the propulsive force 
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FIG. 6 

Time-activity curves in patient with 
symptomatic peristalsis, for the whole 
oesophagus (1) and each one of its thirds: 
upper (2), middle (3) and lower (4). Note 
sequentiality in the activity peaks and 
also increased transit time (18s) with 
Z normal percentage of residual activity. 
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of the pharyngeal and oesophageal contraction. Kaye 
and Wexler (1981) have shown changes in amplitude 
and propagation speed of oesophageal contraction 
waves depending on whether the subject was examined 
in the standing or the supine position, especially after 
swallowing liquids 

In the light of our results and of those of Russell et al 
(1981), it seems evident that there is a progressive 
increase in transit time in the different thirds of the 
oesophagus and a sequential movement of activity peaks 
in these thirds. This is confirmed by the fact that this 
sequential pattern was absent in patients with achalasia 
and in patients with intermediate motility disorders 
with simultaneous oesophageal contraction. On the 
other hand, it was present in four of the patients with 
symptomatic peristalsis who, by definition, remained 
with peristalsis, and in the only patient with inter- 
mediate motility disorder who had peristaltic oeso- 
phageal contraction. Richter et al (1983), when per- 
forming combined studies of manometry and radio- 
nuclide oesophageal transit, indicated that the mere 
presence or absence of peristalsis, and not the 
amplitude, length or repetitiveness of the waves, would 
have an effect on the rate of oesophageal transit. This 
very fact would explain why the highest transit time is 
obtained in patients with achalasia (Tolin et al, 1979; 
Holloway et al, 1983) and with intermediate motility 
disorder, while patients with symptomatic peristalsis 
and other motility alterauons with unaffected peristalsis 
have a less altered transit tume (Benjamin et al, 1983; 
Richter et al, 1983). The dynamic retention pattern 
observed in a patient with vigorous oesophageal 
contraction would reflect the bidirectional transit of the 
radionuclide. 

In our study, sensitivity of radionuclide oesophageal 
transit was higher than that of videoradiology, except in 
patients with achalasia, who afforded identical 
sensitivity. Radionuclide studies are unable, however, to 
differentiate clearly functional from organic obstruc- 
tions (Kazem, 1972), so they cannot be considered as 
substitutes for radiology or endoscopy. The good 
diagnostic rates obtained by radionuchde oesophageal 
transit allow us to suggest their inclusion in diagnostic 
protocols of patients with dysphagia. After excluding 
the presence of organic lesion, by endoscopy and/or 
radiography, one would lead on to radionuclide 
oesophageal transit. If it were abnormal, a manometric 
study could be carried out to determine the type of 
motility disorder. If, on the other hand, it were normal, 
the study would have ended, thus avoiding manometric 
studies in some patients. 

In previous publications (Russell et al, 1981; Kjellen 
et al, 1984) radionuclide oesophageal transit has 
proved to be a useful technique for studying patients 
with dysphagia and normal manometry, producing the 
only objective information about anomalous 
oesophageal function. Similar results were obtained in 
our five patients with these characteristics. Serial 
prospective studies of the evolution of these patients 


would tell us whether or not they are exhibiting the 

initial stages of an oesophageal motility disorder. 
Control of the different therapeutic cntena in 

patients with primary oesophageal motility disorder 18 

mainly clinical, although it may be supported by 

objective studies whose results do not always coincide 
with the clinical impressions. In our studies a significant 
reduction of the percentage of residual activity was 
found after pneumatic dilatation, although it only 
occasionally reached normal limits, coinciding with 

similar results in other publications (Gross et al, 1979, 

Holloway et al, 1983). However, these tests may well 

prove unnecessary in view of the positive clinical 

assessment 
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ABSTRACT 
The toxic effects of Hytrast were studied on the peritoneum of 
laboratory rats in order to define the lethal dose and possible 
causes of toxicity. The results show that Hytrast, due to its 
tomaty, should not be used in any clinical situaton where 
gastrointestinal tract perforation or leakage 1s a possibility 


During the course of recent experimental work, carried 
out to find the most suitable contrast medium for use in 
the gastrointestinal tract in cases where leakage outside 
the gastrointestinal tract could be suspected (Ginai 
et al, 1984, 1985; Ginai, 1985), we became aware of the 
toxic effects of Hytrast when injected into the 
peritoneum of rats. In our previous experimental study 
on the peritoneum (Ginai, 1985), all animals received 
l.5 ml of one of the contrast media—Micropaque 
(Nicholas), pure barium sulphate, Dionosil (Glaxo), 
Hytrast (Guerbet), Gastrografin (Schering), Amipaque 
(Nyegaard) or Hexabnx (May &  Baker)—4ntra- 
peritoneally. It was planned to sacrifice the animals at 
intervals of 1 day, 2 days, 4 days, 8 days or 42 days 
after injection of contrast medium, but the Hytrast 
group reacted exceptionally badly in that all the animals 
died after about 48 h (Ginai, 1985). It is the purpose of 
this study to evaluate the toxic effects of Hytrast in the 
peritoneum of laboratory rats. 


MATERIAL AND METHOD 

Twenty male rats (Wistar strain, outbred stock, 
WU/Cpb) (Zeist) weighing between 264 g and 295 g 
were used. The rats were divided into five groups of 
four rats each. Four of the groups received Hytrast 
(aqueous suspension of  N-propyl-2: 3-dioD-3 : 5 
diiodo-4-pyridone (NPP) and 3:5 duodo-4-pyridone 
(DIP)) and Group 5 acted as a control (see below). 


Group] 1.5 ml Hytrast 
Group 2 0.75 ml Hytrast 
Group 3 Á 0.375 ml  Hytrast 
Group4 019 ml Hytrast 
Group5 ]15ml phynological saline 


The rats were anaesthetised by ether inhalaton. 
Hytrast or physiological saline was injected into the 
peritoneal cavity with a blunt polyethylene catheter via 
a small midline abdominal incision. The incision was 
then closed with a surgical clip. 


Address for correspondence and reprints Dr A. Z. Gina, 
Department of Radiology, Univermty Hospital Dijkzigt, Dr 
Molewaterplein 40, 3015 GD Rotterdam, The Netherlands. 
TPresent address: Laboratory of Experimental Surgery, Anton 
van Leeuwenhoek Ziekenhws, Cancer Institute of the 
Netherlands, Amsterdam, The Netherlands. 


Frontal and lateral radiographs of the abdomen and 
thorax were taken immediately after injection of 
contrast medium and once again when any animal died 
or, otherwise, at sacrifice on the 42nd day. The 
following tissue biopsies were included at dissection: 


(1) abdominal wall with the pentoneal lining, 
(2) diaphragm (both right and left side), 

(3) liver, 

(4) spleen, 

(5) pancreas, 

(6) kidney, 

(7) greater omentum, 

(8) mesentery, 

(9) lymph nodes (thoracic and abdominal 
possible), 

(10) small bowel (at least two regions), and 
(11) large bowel (at least two regions). 


All the tissues removed were fixed in 10% buffered 
formalin for about 2 weeks before histological sections 
were prepared and stained with haematoxylin and 
azophloxin. The following grading system was used for 
the severity of histological reaction: 


+ -+ + severe reaction, 


when 


++ | moderate reaction, 
+ mild reaction, 
+ minimal reaction; 
— no reaction. 
RESULTS 


All four animals in Group ] (receiving 1.5 ml 
Hytrast) and two out of four animals in Group 2 
(receiving 0.75 ml Hytrast) died. The four animals in 
Group 1 died within 48 h of administration of Hytrast. 
The two non-aurvivors in Group 2 died at 50 h and on 
the 10th day after injection of contrast medium. All the 
other animals survived and were sacrificed on the 42nd 
day. 

The animals who died had appeared ill, their food 
and drink intake was only minimal and they had lost 
weight. The dissections on these animals were often 
carried out a few hours, sometimes up to 12 h, after 
their death. The animals who survived and were 
sacrificed on the 42nd day had put on a considerable 
amount of weight (about 200 g) and appeared generally 
well throughout the experimental procedure. 


RADIOLOGICAL APPEARANCES 
Group I (receiving 1 5 ml Hytrast) showed Hytrast 
spread around the intestines on the frontal and lateral 
radiographs taken immediately after intraperitoneal 
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injection of contrast medium (Fig. 1). The radiographs 
of abdomen and thorax taken at about 48h after 
contrast medium injection or after the death of these 
animals showed contrast medium to be flocculated and 
collected centrally and ventrally in the abdomen, and 
the bowel appeared denser, with contrast speckles 
(Fig. 2). The diaphragmatic lymphatic plexus. retro- 
sternal lymph vessels and retrosternal superior 
mediastinal lymph nodes are seen to be filled with 
contrast medium on the radiographs (Fig. 2). 


Group 2 (receiving 0.75 ml Hytrast). The quantity of 


Hytrast in the peritoneal cavity was, naturally, less than 





FIG. | 
į (A) Frontal and (B) lateral radiographs 
A showing Hytrast (1.5 ml) in the abdomen 


of a rat immediately after injection 


(half) that in Group |. Two animals died with similar 
appearances as Group |, The two animals who survived 
were radiograpned at 42 days, just before sacrifice, and 
this showed small contrast rests in the abdomen. 

Group 3 (receiving 0.375 ml Hytrast) and Group 4 
(receiving 0.19 ml Hytrast). These groups had similar 
appearances on radiographs taken immediately after 
contrast medium injection, with the contrast medium 
spread around the intestines. The quantity of contrast 
medium in Group 3, as expected, appeared less than 
that in Group 2 and the quantity of contrast medium in 
Group 4 was less than that in Group 3. 


FiG. 2. 
Same rat as Fig. 1, 48 h after death. 
(A) Frontal and (8) lateral radiographs, 
showing flocculation of contrast medium 
and its collection more centrally and 
ventrally in the abdomen. Filling of 
the diaphragmatic and retrosternal 
lymphatics and mediastinal lymph nodes 
with contrast medium is visible. 
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On the 42-day radiographs, minimal contrast rests 
were seen in the abdomen. There was no contrast 
medium seen filling the diaphragmatic lymphatics, 
retrosternal lymph vessels or lymph nodes. 

Group 5 (receiving 1.5 ml physiological saline). This 
control group showed no abnormalities on the radio- 
graphs taken immediately after injection of contrast 
medium or 42 days after injection. 


PATHOLOGICAL OBSERVATIONS 
Gross appearances 

Group 1l. All four animals died about 48 h after 
injection. Dissection was often carried out several hours 
after death. A small amount of yellowish or reddish 
ascitic fluid was found in the abdomen. The contrast 
medium was seen as whitish plaques on the surface of 
the omentum, mesentery and abdominal wall and 
sometimes over the liver. The abdominal surface of the 
diaphragm showed filling of lymphatic plexuses on both 
sides. Contrast medium was also seen in the retrosternal 
lymphatics and lymph nodes. 

Group 2. Two animals in this group died, one at 50 h 
and the other on the 10th day after injection. Slight 
ascites was seen in one and contrast medium was visible 
in the abdomen, though less than in Group |. In the 
other rat, dying on the 10th day, practically no ascitic 
fluid was noted. Contrast medium was seen in the 
mediastinal lymph nodes in both of these rats. The 
remaining two rats were sacrificed on the 42nd day and 
showed only tiny contrast rests and some adhesions 
between the anterior abdominal wall and the small 
intestine. No ascites was noted. No filling of 
diaphragmatic lymphatics or retrosternal lymph vessels 
or lymph nodes was seen. 

Groups 3 and 4. These animals were sacrificed on the 
42nd day and showed tiny contrast rests anteriorly, 
usually with some adhesions between the anterior 
abdominal wall and mesentery or small intestines. No 
ascites was seen. No filling of lymphatics in the 
diaphragm or retrosternal region was seen. Mediastinal 
lymph nodes were not filled with contrast medium. 

Group 5. This control group showed no abnormalities 
on dissection at 42 days. 


Histological appearances 

Group 1. The abdominal wall and diaphragm showed 
extensive, acute inflammatory reaction with lympho- 
cytic and histiocytic infiltration and deposits of contrast 
medium in some places. Necrotic areas were seen on the 
surface with extensive fibrinous exudate. Similar 
reaction could be seen in the capsule of the liver. The 
liver parenchyma was normal. The kidney showed no 
abnormality. The spleen showed decrease of lympho- 
cytes in the parenchyma. The omentum and 
peripancreatic fatty tissue showed deposits of contrast 
medium with a surrounding inflammatory infiltrate 
(Fig. 3). Contrast medium could sometimes be seen in 
the mesentery adjacent to the bowel. Transmural 





Fic. 3. 


Histological section showing Hytrast (H) deposits with 
inflammatory reaction in the peripancreatic fat (P). Haema- 
toxylin and azophloxin, x 40. 


segmental necrosis was seen in the large and small 
bowels and there were also some areas of superficial 
mucosal and submucosal necrosis. Contrast medium 
was not visible in the mucosal, submucosal or muscular 
layers of the bowel. The mediastinal lymph nodes 
showed necrotising lymphadenitis. 

Group 2. The two animals who died showed 
deposition of contrast medium and inflammatory 
reaction with histiocytic infiltration in the abdominal 
wall, diaphragm, omentum and mesentery. Areas of 
necrosis were also seen in the peripancreatic fatty tissue. 
In the lymph nodes a sinus histiocytosis was noted. The 
small and large bowels showed some areas of necrosis. 

The two survivors showed no specific abnormalities 
except small contrast medium deposits in the omentum, 
with minimal areas of inflammatory cell infiltration. 

Group 3. Small deposits of contrast medium were 
seen in the omentum and mesentery. Some small areas 
of necrosis were seen in the mucosa of the small bowel 
and focally in the muscle layer in one of the animals. 

Group 4. Fibrosing, chronic inflammatory reaction 
was seen in the abdominal-wall muscles in one of the 
animals (probably the site of abdominal incision). Tiny 
rests of contrast medium were seen in the mesentery 
and around the liver capsule. In one instance chronic 
inflammatory reaction was seen in the pancreatic tissue. 
The bowel showed no abnormality. 

Group 5. This control group showed minimal 
inflammatory infiltrate in the peripancreatic fatty tissue. 
In one animal, the small bowel showed partial necrosis 
in places in the superficial layers of mucosa and 
submucosa. 

Table I summarises the tissue reaction with various 
doses of Hytrast in the peritoneum of rats. 


DISCUSSION 
The most severe tissue reactions were seen in Group | 
(receiving 1.5 ml Hytrast), in which all the animals died. 
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TABLE I 


HISTOLOGICAL REACTION IN THE PERITONEAL TISSUES OF 16 RATS 
RECEIVING HYTRAST AND CONTROLS 





Animals Group 
! 2 3 4 5 
(1.5 (0.75 — (0.375 (0.19 (1.5 ml 
ml ml mi mi physiological 
Hytrast) Hytrast) Hytrast) Hytrast) saline) 
PRE app wp F t 
2 pte ++’ + + d 
3 + +" s t $ + 
4 oC * ua P ss 


"Animals who died; + + + severe reaction; ++ moderate 
reaction; + mild reaction; + minimal reaction; - no 
reaction. 


Two of the animals in Group 2 (receiving 0.75 ml 
Hytrast) also died, and these showed moderately severe 
reaction. All the other animals (10 with Hytrast and 
four controls) survived and were in good condition 
when sacrificed on the 42nd day. These animals showed 
mild to minimal or no tissue reaction (Table 1). 

It would, therefore, appear from this study that 
1.5m! of Hytrast intraperitoneally is an absolutely 
lethal dose for rats weighing about 280 g and that half 
the dose (0.75 ml of Hytrast) intraperitoneally caused 
half the animals to die. Further reduction of the Hytrast 
dose, to a quarter (0.375 ml) and an eighth (0.19 ml) of 
the original dosage, lead to no deaths. 

The full dose of Hytrast used in rats, ie. 1.5 ml, is 
equivalent to about 375 ml in a 70 kg man, an amount 
of contrast medium which could possibly enter the 
peritoneum in a clinical situation of bowel perforation. 

From the general clinical, gross pathological and 
histological appearances seen in the animals who died, 
the most likely cause of death appears to be à severe 
exudative, necrotising peritonitis in all tissues of the 
peritoneum avith which Hytrast comes in contact. The 
liver parenchyma, pancreas and kidney showed no 
abnormalities. The spleen showed a decrease in 
lymphocytes. The lymph nodes showed deposition of 
contrast medium in Group | and half of the rats in 
Group 2, with some necrosis and sinus histiocytosis. 
This was also noted in the previous experimental work 
with various contrast media in the peritoneum (Ginai, 
1985) and does not appear to be directly related to the 
death of these animals. 

The intestines showed partial or complete intramural 
necrosis in places. These appearances could suggest 
ischaemic changes possibly resulting from shock arising 
from acute peritonitis. It is, however, not possible to 
confirm this hypothesis or to define any direct 
relationship between bowel necrosis and death of the 
animals, as some necrosis was also seen in the animals 
who survived and even in the control group. Some 
autolysis or technical factors may also have played a 
role in these appearances of the bowel. 


Hytrast was introduced as a bronchographic contrast 
medium in 1962. It is a neutral suspension of crystals of 
N-(propyl-2 : 3-diol)-3: 5 diiodo-4-pyridone. and 3:5 
diiodo-4-pyridone in a hypertonic aqueous solution of 
sodium carboxymethyl cellulose (Morley, 1969). The 
viscosity varies from 6 poises (French preparation) to 
2-4 poises (American preparation) at 37°C depending 
on the quantity of methyl cellulose used in its 
preparation (Grainger et al, 1970). Hytrast can produce 
excellent-quality bronchograms but is known to have 
caused significant reactions in the lungs both in humans 
and in animals (Greenberg, 1964; Ginai et al, 1984). 

Thirty-eight cases of severe reactions following 
bronchography with Hytrast (including one death) were 
reported by Agee and Shires (1965). Hytrast also 
produced the severest reaction in the mediastinum 
compared with all other contrast media used in the 
experimenial work done on the mediastinum of rats 
(Gina et al, 1985). Considering the severe toxicity of 
Hytrast in the peritoneum (Ginai, 1985) of rats and the 
very severe toxic reactions in the mediastinum, lungs 
and pleura of rats (Gina et al, 1984, 1985; Ginai, 1986), 
this contrast medium should not be used in the 
gastrointestinal tract in cases where leakage in any of 
the above-mentioned regions is a possibility, for 
example, in post-operative patients with gastro- 
intestinal-tract anastomosis or any other cases where 
gastrointestinal-tract perforation is suspected. 
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ABSTRACT 

One hundred and fourteen upper abdominal computed 
tomography examinations performed before and after intra- 
venous contrast were reviewed. In 48 patients who had no 
evidence of biliary or pancreatic disease, the mean gallbladder 
wall attenuation before contrast was 2543-13 HU and after 
contrast 42 18 HU, with a wall thickness of 1.9+0.43 mm. 
In 14 patients with chronic pancreatitis these values were 
24+ 10.5 HU, 44425 HU and 2.0+0.54 mm, respectively. In 
a further group of 15 patients with chronic biliary disease, the 
values were 34415 HU, 53+18 HU and 2.3+0.9 mm. The 
degree of wall enhancement was statistically significant in each 
group. There was no statistical difference in the attenuation 
characteristics or wall enhancement between normal patients 
and those with chronic pancreatitis. Patients with chronic 
biliary disease had a thicker gallbladder wall with higher 
attenuation before contrast but a similar degree of 
enhancement, 


Contrast enhancement of the gallbladder wall has been 
reported on computed tomography (CT) in acute 
cholecystitis (Solomon et al, 1979; Kane et al, 1983), 
acute pancreatitis (Somer etal, 1984), gallbladder 
carcinoma (Thorsen et al, 1984) and following angio- 
graphy where the gallbladder was considered to be 
normal (Strax et al, 1982). In the pathological con- 
ditions the degree of enhancement was considered 
abnormal. An acceptable range of normal enhancement 
does not appear to have been defined. 

The thickness of the gallbladder wall has been 
measured on conventional tomography during contrast 
infusion, the reported normal thickness being less than 
| mm (Moncada et al, 1977a). This value has been used 
by some for assessment of the gallbladder by CT 
(Solomon et al, 1979), while others have used 2 mm 
(Somer et al, 1984) and 3 mm (Smathers et al, 1984) as 
the upper limit of normal. Engel et al (1980) found by 
ultrasound that a wall thickness of more than 3.5 mm 
was highly accurate in predicting the presence of 
gallbladder disease. This value has since been used in 
CT studies (Thorsen et al, 1984) but, because of 
technical and physical factors, measurements obtained 
by ultrasound may not be applicable to CT. In order to 
assess the thickness and degree of enhancement of the 
gallbladder wall in normal subjects, we have retro- 
spectively studied all patients who underwent upper 
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abdominal contrast-enhanced CT in this department in 
| year. The results in the normal patients were 
compared with data from patients with chronic biliary 
disease or with chronic pancreatitis. 


PATIENTS AND METHODS 

Clinical and CT data from 114 consecutive patients 
who had upper abdominal CT with and without 
intravenous contrast. enhancement were reviewed. 
Seventy-seven patients were suitable for further study. 
Twenty had undergone cholecystectomy and 17 were 
excluded because of degraded CT images. The suitable 
patients were divided into three groups according to 
clinical and radiological information (Table I): 


(1) no evidence of biliary or 
(normal); 

(2) chronic pancreatitis; 

(3) chronic biliary disease. 


pancreatic disease 


Of the patients with chronic pancreatitis, the disease in 
two was clinically related to chronic cholecystitis and 
four were alcoholic but in the remaining eight patients 
no cause for their chronic pancreattis had been 
determined. 

Patients were not instructed to fast although, in 
practice, patients had not eaten for about 2 h before 
examination. Computed tomography was performed 
using an IGE 8800 general-purpose scanner. Patients 
received 100 ml. of meglumine iothalamate (Conray 
280, May & Baker Ltd) intravenously over 50 s by 
pump injection. Scanning commenced 20s after the 
start of injection. Images were selected from the pre- 
and post-contrast CT examinations in order to 
demonstrate the maximum short-axis diameter of the 
gallbladder. The images were magnified and viewed at a 


TABLE I 
DETAILS OF PATIENTS 





Group No. of | Mean Sex 
patients age 
(years) Male Female 
Normal 48 49 26 22 
Chronic pancreatitis l4 53 13 | 
Biliary disease 15 58 9 6 
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A normal gallbladder wall on contrast-enhanced CT illustrating the measurement of (4) wall thickness and (B) attenuation 
(L - 80, W 250) 


window width of 250 HU and à window 
80 HU. The margins of a portion of the gallbladder 
wall which was clearly outlined by fat were carefully 
delineated. The thickness and attenuation of this region 
was measured by the computer as illustrated in Fig. |. 
The attenuation of the gallbladder contents was 
measured before and after intravenous contrast 
enhancement to assess uniformity of measurement. The 
results were analysed using the Student's /-test for 
matched pairs to assess attenuation changes after 
contrast and the /-test for unpaired samples to compare 
the results in the three groups of patients. 


RESULTS 

The age distributions of the three groups of patients 
were not significantly different (p > 0.05; Table I). The 
sex distributions were similar, except that 13 of the 14 
patients with chronic pancreatitis were male. Analysis 
of the data allowing for this difference did not affect 
the results or conclusions. 

The three groups of patients all showed a significant 
degree of gallbladder wall enhancement after contrast 
(p < 0.01; Table II). In the clinically normal group the 
gallbladder wall thickness was less than 2.8 mm in over 
95% of cases (mean +2 standard deviations). There 
was no significant difference in thickness (p > 0.05) or 
attenuation, either before or after contrast (p > 0.05), 
between normal patients and those with chronic 
pancreatitis. Patients with biliary disease had thicker 
gallbladder walls compared with normal (p < 0.05) with 


a significantly higher  pre-contrast attenuation 
(p < 0.05), but enhancement was of the same 
magnitude. The characteristics of the gallbladder 


level of 


contents did not change after injection of contrast 
medium. 


DISCUSSION 

The IGE 8800 CT scanner has a 320x320 pixel 
matrix, each pixel being 1.4 mm square. This measure- 
ment is greater than the normal gallbladder wall 
thickness found on conventional contrast-infusion 
tomography (Moncada et al, 1977a). The gallbladder 
wall may pass through several voxels in a | cm thick 
section due to its obliquity and curvature, therefore, the 
upper limit of normal for thickness of the gallbladder 
wall on CT will be greater than one pixel width 
(1.4 mm). While magnification of the image on the CT 
display permits precise cursor positioning, accuracy of 
measurement may not be improved because of 
computer-generated smoothing of the pixel margins. 


TABLE Il 
GALLBLADDER WALL THICKNESS AND ATTENUATION BEFORE AND 
AFTER ENHANCEMENT WITH INTRAVENOUS CONTRAST MEDIUM 








Group Gallbladder Wall attenuation 

wall (HU) 

thickness 

(mm) Pre-contrast Post-contrast 
Normal 1.9 4- 0.43 25+13 42+ 18+ 
Chronic pancreatitis 2.0 +0.54 24+ 10.5 44+ 25t 
Biliary disease 2.3+0.9" 344+ 15* 53+ 18f 





Figures expressed as mean + standard deviation. 
*Significantly different from normal (p < 0.05). 
tSignificantly different from the pre-contrast level (p < 0.01). 
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Determination of the wall margins is subjective and 
influenced not only by the window width and level of 
the image but also by the contrast between the wall and 
surrounding structures. We have attempted to minimise 
these factors by using the standardised technique 
described above and have found that, in 95% of normal 
patients, the gallbladder wall thickness is 2.8 mm or 
less. On scanners with a 512x512 pixel matrix, 
resolution is improved and the normal gallbladder wall 
thickness may be less. Because of the technical 
limitations placed on the assessment of wall thickness 
by pixel size and slice thickness, we feel that the normal 
range of wall thickness is unlikely to be significantly 
affected by the difference in the degree of distension of 
the gallbladder due to an incomplete period of fasting. 

Measurement of attenuation from regions of interest 
on a magnified image uses computer-adjusted values 
from parts of adjacent pixels included in the region 
studied. However, by using careful delineation of a free 
edge of the gallbladder wall, alteration in attenuation 
after contrast is easily detectable. We have shown that 
after intravenous contrast, enhancement by approxi- 
mately 20 HU is normal. Sophisticated and highly 
accurate methods are available for boundary detection 
on CT images (Zhu et al, 1986) but these methods are 
not widely available in clinical radiological practice. 
Pedrosa et al (1981) and Havrilla et al (1978) have both 
described gallbladder wall thickening in patients with 
chronic pancreatitis but do not indicate the clinical 
aetiology of the pancreatic disease. In our patients with 
chronic pancreatitis there was no significant difference 
in wall thickness or in attenuation compared with 
normal patients. This is probably because only two of 
our patients had gallbladder disease as a clinical cause 
of chronic pancreatitis. In idiopathic or in alcoholic 
pancreatitis the gallbladder appears normal on CT. 

The group of patients with biliary disease did not 
include acute inflammatory disorders, where increased 
attenuation has been produced experimentally after 
injection of contrast medium (Moncada et al, 1977b). 
This may account for our observation of a thicker 
gallbladder wall without increase in the degree of 
contrast enhancement compared with that seen in the 
normal gallbladder. The increased wall attenuation 
before contrast medium is a reflection of the greater 
wall thickness, reducing the partial volume effect of 
surrounding lower-attenuation structures. 
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Brigham and Women's Hospital Handbook of Diagnostic 
Imaging. Ed. by B. J. McNeil and H. L. Abrams, pp. 342, 1986 
(Little, Brown and Co., Boston and Toronto), £15.40. 

ISBN 0-316-56322-6 

This pocket-sized compendium is a distillation of current 
radiological practice at a transatlantic centre of excellence. The 
approach is problem orientated, taking 62 clinical situations as 
the starting point. The diagnostic work-up of each problem is 
outlined by an algorithm to a point where investigation is 
complete. Brief comments enlarging on the role of each 
examination to the particular clinical situation, including its 
drawbacks, are followed by data on its sensitivity and 
specificity. The contribution of magnetic resonance imaging is 
included and, finally, there is a list of key references for each 
problem. 

While this rigid, stepwise approach to diagnosis provides a 
helpful guideline for the mainstream of clinical cases, its 
limitations are likely to be exposed in practice by cases with 
conflicting findings or subtle nuances. For instance, rupture of 
a Baker's cyst is not included in the section on acute leg pain. 
Some interesting differences between American and British 
approaches become evident. An example is that more use 
seems to be made of lymphography and gallium scanning in 
cases of lymphoma and, probably, lymphography in testicular 
tumours than in the UK. Some recommendations are 
questionable, such as a barium enema in cases of suspected 
acute appendicitis or acute diverticulitis and the use of oral 
cholecystography in acute cholecystitis. The investigation of 
dyspepsia is a surprising omission, while needle biopsy in the 
investigation of a solitary pulmonary nodule requires 
amplification. 

This book meets its stated aim as a reference source for non- 
radiologists. One suspects that outside the United States it will 
be radiologists, particularly those preparing for examinations, 
who will be most likely to appreciate its value as an up-to-date 
precis of imaging methods in day to day practice and a useful 
source of references. 

G. H. WHITEHOUSE 


Emergency Radiology of the Acutely Ill or Injured Child, 2nd 
edit. By L. E. Swischuk, pp. 622, 1986 (Williams and Wilkins, 
Baltimore), £72. 

ISBN 0-683-08049-0 

Dr Swischuk is obviously a very knowledgeable, hard-working, 
literal man, whose text provides exactly what the title and 
preface state: "bread and butter" radiology for the casualty 
officer or the doctor "on-take", The second edition has been 
enlarged from 496 to 622 pages by the addition of ultrasound 
and nuclear medicine. The discussions on trauma and infection 
in the chest, skeleton, abdomen, spine, and head and face are 
very good and, indeed, would be very applicable to much adult 
radiology. The emergency doctor who has mastered this text 
should have no imaging problems with his very acute patients. 

Unfortunately, by Dr Swischuk's definition, a child seems to 
be about | vear old, so there is no discussion of the acute 
congenital or infantile conditions that also present as 
emergencies. However, very good sections on intussusception 
and malrotation compensate for this. 

The book is well produced and the illustrations are very 
good: miliary tuberculosis shows up perfectly and there is a 
good list of references. 

There are the occasional differences in interpretation: the 
ultrasound illustrations in Figs 3.102 and 3.103 I would regard 
as diagnostic of splenic trauma and haematoma and as 
highlighting the benefits of the technique in the acutely injured 
patient. Dr Swischuk finds the ultrasound appearances either 
misleading or non-specific. As would be expected from an 
American text, there is more reliance on computed tomo- 
graphy than in the UK. 

The second edition is up to date and as good as the first, and 
should prove just as useful to the emergency doctor in 
casualty, but it does need a supplementary text for the very 
young child. 

G. M. STEINER 
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ABSTRACT 

An anatomical compensation filter for improving the radio- 
graphic demonstration of the mediastinal and retrocardiac 
areas of a chest radiograph has been evaluated. The filter, 
made of a transparent, light-weight lead-plastic material was 
attached to the X-ray collimator housing. The device reliably 
improved the visibility of normally underpenetrated areas 
without producing detectable artefacts, provided the patient 
was correctly positioned. Hilar structures were also slightly 
better visualised. At the same time there was no statistically 
significant deterioration in visualisation of peripheral 
pulmonary vessels or parenchymal structures. Rib details and 
pleural calcifications were less well seen, however, a result that 
was to be expected because of the X-ray beam hardening. 


it is difficult to achieve an acceptable distribution of 
density over the whole of a frontal chest radiograph 
because of great differences in X-ray absorption in 
various parts of the thorax. In particular, mediastinal, 
retrocardiac and subdiaphragmatic areas are often 
underexposed unless the lung fields are overexposed. 
The preblem can be partly solved by the use of wide- 
latitude, single-emulsion films (Miller, 1980) or high- 
kV. (250-350 kVp) techniques (Hallenbeck, 1975: 
Proto & Lane, 1978; Herman et al. 1982). The use of 
adjunctive "overpenetrated" views (Tuddenham, 1963) 
or photographic unsharp masking (Sorenson et al. 
1981) requires an additional radiograph and they are 
ume- and film-consuming procedures. A slit scanning 
equalisation system proposed by Plewes and Wandtke 
(1982) requires a complicated scanning beam, 
collimator-detector apparatus, and has the disadvan- 
tage of long scanning time. Digital computer techniques, 
though developing rapidly, still suffer from limited 
spatial resolution. due to pixelisation (Giger & Doi, 
1984) and require extensive instrumentation. Perhaps 
the simplest and cheapest approach to the problem is to 
place tailored filters in the X-ray beam at the tube 
portal which compensate for the patient's shape and 
achieve a balanced X-ray exposure across the chest 
image (Lynch, 1965; Wilkinson & Fraser, 1975; 
Garofigho, 1983; Vyborny & MacMahon, 1984). 

All these methods improve the visibility of retro- 
cardiac and mediastinal structures (Tuddenham, 1963; 
Hallenbeck, 1975; Proto & Lane, 1978; Sorenson et al, 





*Author for correspondence and reprint requests. 


1981; Wieder & Adams, 1981; Wandtke & Plewes, 1983; 
Garofiglio, 1983) and result in higher nodule detection 
rates in these normally poorly penetrated areas when 
compared with conventional techniques (Armstrong 
et al, 1983; Ishida et al, 1984) The effect of these 
techniques on the visibility of anatomical structures in 
the lung fields has received less attention. In addition, 
these techniques have an effect on exposure times 
and/or X-ray beam quality (as regards the half-value 
laver, fraction of scattered radiation. and contrast 
transfer), which might also be of clinical importance. 
In the present study the effect of exposure equalisa- 
tion on the visibility of various anatomical details was 
evaluated by investigating a commercial anatomical 
compensation filter for chest radiography (Du Pont), 


both in phantom experiments and in clinical 
radiography. 


APPARATUS AND METHODS 

Radiographic equipment 

A three-phase, six-pulse generator (Philips DA 1000) 
with a Philips Rotalix SRO 03 100 tube and nominal 
focal spot of 1.2 mm was used. Total filtration was 
2.5 mm AL A 10: 1 aluminium interspaced, stationary 
40 lines/cm grid focused at 1.8 m and an automatic 
umer were used. Exposures were made at 125 kVp at a 
target-film distance of 200 cm. A medium-speed rare- 
earth screen (Trimax T4) with green-sensitive, high- 
contrast film (Trimax XD) was used for the study. The 
films were developed in an automated 90 s processor 
and the developing conditions were controlled with test 
films (Agfa Gevaert System Control RP 79001A). A 
commercial compensation filter for chest radiography 
(Du Pont) made of special, transparent, light-weight 
lead-plastic material tailored to match the shape of the 
lung fields was attached to the housing of the X-ray 
tube (Fig. 1). The height of the filter is 7 cm and the 
edges of the lung-field plates are gently sloping. If 
required, the device can be mounted at a distance from 
the tube housing and is easily removed from the X-ray 
beam. The filter corresponds to 0.1 mm Pb filtration in 
the lung fields. As radiographed in a 20 cm-thick water 
phantom, a density difference of 0.55 was found (at the 
monoexponential portion of the H-D curve of Trimax 
T4/XD screen-film combination) across the filter edge. 
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Fic. I. 
The anatomical compensation filter for chest radiography 
made of transparent, light-weight lead-plastic material 
(Du Pont). 


Clinical chest radiographs 

Postero-anterior chest radiographs were taken of 30 
volunteers both with and without the filter. The 
volunteers were mainly patients with chronic heart 
disease or lung carcinoma (mean age 72 years, range 
57-87 years). The filter was fixed at a set distance from 
the collimator housing and routine patient positioning 
procedure was applied. A metal test-plate was taped 
firmly on each person's back over the right upper lung 
and mediastinum. The plate consisted of randomised 
E letters corresponding to resolution of 0.2-5.8 line 
pairs/mm in three contrast zones. The test figures, made 
of gold, had been etched on a thin layer of copper and 
corresponded to 2.5 4m. 7m and 324m of Au 
(Laasonen, 1968). To eliminate the possible effect of 
film density differences on the results, film pairs with 
more than a 0.1 density difference as measured on a 
standard location over the left upper lung were rejected 
from the study. A Repromaster RM 21 densitometer 
with a | mm-diameter aperture was used for the density 
measurements. Since the degree of inspiration was 
required to be strictly identical for both radiographs of 


each pair, radiographs of 26 persons only were suitable 
for the final analysis. Entrance skin exposures were 
measured subsequently with a dosemeter (lonex 
2500/3) and an ionisation chamber by exposing an 
Alderson chest phantom. 


Image analysis 

Inherent subject contrast. The inherent (or visual) 
subject contrast (C,) of the 32 m-thick gold test-plate 
in the area of both the mediastinum and the lung field 
was calculated from the density values of each 
radiograph by the formula (Hale & Mishkin. 1969) 


C, = (10-%—10-.)/(10- 9+ 10-2.) 


where D, is the density of the object and D, is the 
density of an adjacent area of the mediastinum or lung, 
respectively. The value for C, was obtained as a mean 
of the measurements from all of the radiographs. 
Theoretically, the C, of a low-contrast object represents 
an illumination contrast on the observer's retina, 
provided that one operates above the threshold 
limitations of the human eye as regards object size and 
illumination level (Lassen & Bloch, 1978). 


E test-plate analysis. For the further E test-plate 
analysis, the films were randomised and assigned by 
code numbers. The radiographs were read by three 
observers with normal visual acuity on a conventional 
viewing box masked to the film size. The room 
illumination was dim and kept constant. The smallest E 
with a resolved opening direction was registered. An 
index of image quality was obtained as a mean of the 
film scores of the three contrast zones averaged over all 
observers, and it is referred to here as the visual 
detectability, D,. 


Visual assessment of the radiographs. For the visual 
analysis the radiographs of each patient were arranged 
in pairs. Radiographs were marked with a code number 
but could not be identified by the observers. For each 
pair the reference radiograph was selected at random. 
but in the data analysis the radiographic scores were 
calculated with reference to the conventional technique. 
For each film pair seven rectangular regions of interest 
(side length 4-8 cm) were masked with black films. In 
each region one anatomical or pathological feature 
(parameter) was assessed. except that rib visibility was 
evaluated in the same area as that of peripheral 
pulmonary vessels. The parameters are shown in 
Table I. Because of the age of the patients and the 
presence of lung or heart disease, the radiographs 
almost invariably showed some parenchymal 
pathology. usually reticular or rounded opacities. The 
visibility of these was assessed in the left lower zone and 
the result recorded as the parameter “parenchymal 
structures”. The parameters were chosen to cover 
various regions of the chest: three evaluated the 
mediastinal and retrocardiac area, one the hilar region 
and three the lung fields. The parameter “clinical 
findings” included 12 calcifications of the aortic arch 
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TABLE | 


THE ANATOMICAL PATHOLOGICAL PARAMETERS EVALUATED FROM 
THE CHEST RADIOGRAPHS 





Anatomical pathological parameter Abbreviation 
Visibility of 
Peripheral lung vessels of left upper 
lung Vascularity 
Parenchymal structures of left lower 
lung Parenchyma 


Retrocardiac pulmonary vessels Retrocardiac area 
Vertebral body in the middle third of 


the thoracic spine Vertebra 


Trachea] bifurcation Bifurcation 
Pulmonary hilum Hilum 
Rib details of left upper thoracic wall Ribs 


Clinical findings Findings 





and nine cases of pleural calcifications and shadowing. 
the rest being mass lesions and findings associated with 
cardiac insufficiency. 

In the visual assessment four observers—one 
senior radiologist (S.S.), one senior chest physician 
(E.0.T.), and two residents in radiology (H.R. and 
H.M.)-— graded the quality of each film compared with 
the reference radiograph. Thus the film score of each 
anatomical parameter was a mean of 104 comparisons, 
the total number of observations being 832. The scoring 


system used was: +2 = clearly better, +1 = slightly 
better, 0 = equal. | = slightly worse, and 
—2=clearly worse than the reference radiograph. 


Viewing time and distance were not restricted. The 
reproducibility of this kind of visual grading analysis 
has been found to be sufficient for 
techniques in. clinical 
1984: Manninen, 


radiography 
For statis- 


chest 
19852). 


imaging 
(Manninen et al. 





comparison of 


tical comparisons of the film scores a paired f-test was 
applied. 

To test the adequacy of the density requirement for 
the film pairs (density difference not more than 0.1, 
giving mean density difference 0.02 as measured on the 
left upper lung field), a non-parametric Kendall 
correlation coefficient was calculated between each film 
score and density difference of the corresponding films, 
averaged for all observers. Statistically significant 
correlations were not found for any anatomi- 
cal/pathological parameter. 


RESULTS 

Figure 2 shows a typical pair of chest radiographs 
obtained with the conventional grid technique and with 
the chest filter arrangement. The mediastinal and 
retrocardiac areas are underexposed with the conven- 
tional technique while clearly better visualisation was 
obtained by the use of the filter. Table II gives the mean 
exposure times and patient exposures as well as the 
values of inherent subject contrast for the E test-plate in 
the mediastinum and the lung field. The exposure times 
as well as the skin exposures over the mediastinum for 
the filter technique were 1.8 times those for the 
conventional chest radiography, while on the lung fields 
the skin exposure with the former arrangement was 
only 0.7 times that for the latter technique. The object 
contrast with the filter technique was about twice as 
good in the mediastinal area but slightly worse in the 
lung field compared with the conventional technique. 
Table II also gives the values of the visual detectability 
of the E test-plate. The superiority of the conventional 
technique over the filter arrangement as measured with 
the E test-plate D, values was highly significant 
(p < 0.001) for all contrast zones, and the D, values of 





A 
Fic. 2. B 


A pair of chest radiographs obtained (A) by the conventional and (B) by the filter arrangement. 
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TABLE II 
THE MEAN EXPOSURE TIMES, SKIN RADIATION DOSES, AND VALUES OF C, AND D, OF THE GOLD E-TEST-PLATE IN THE CLINICAL CHEST 
RADIOGRAPHS 
Technique Mean Skin dose (uGy) over C. D, 
Pfad m (line pairs/ 
time mediastinum lung mediastinum lung mm) 
(ms) 
T4/XD 25 260 250 0.04 0.29 1.52 
T4/XD filter 45 470 180 0.08 0.24 1.33 


C, = inherent subject contrast, D, = visual detectability. 


individual observers did not differ significantly from 
each other. 

Table III shows the average score for all observers of 
each parameter with the filter technique (the scores for 
the conventional technique being graded as 0), as well 
as the significance of the differences between the 
techniques. Figure 3 presents the film scores given by 
individual observers for each parameter. Table III and 
Fig. 3 indicate clearly the superiority of the filter 


technique as regards visibility of the mediastinal 
(both bony structures and air—tissue borders) and 
retrocardiac areas. Also, hilar structures were slightly 
better visualised with the filter arrangement. There was 
no significant difference in visibility of structures in 
unobscured lung fields as assessed by peripheral vessels 
and parenchymal (interstitial type) shadowing or in the 
visualisation of aortic arch calcification. On the other 
hand, rib details and pleural calcifications were not as 
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The film scores of the filter technique given by individual observers for cach anatomical/pathological parameter. 
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TABLE IH 


THE RADIOGRAPHIC SCORES AVERAGED POR ALL OBSERVERS POR 
BACH PARAMETER USING THE FILTER ARRANGEMENT 
(CONVENTIONAL RADIOGRAPHY GRADED AS 0) AND SIGNIFICANCE 
OF THE SCORES WITH FILTER COMPARED WITH THE CONVENTIONAL 


TECHNIQUE 
Anatomical/pathological Film score 
Vasculanty —0.02 NS 
Parenchyma —0.15 NS 
Retrocardisc area 1.03+ 
Vertebra 1.38f 
Bifurcation 1.251 
Hilum 0.218 
Rubs —0.30f 
Findings 0.10 NS 
Aortic calcifications 0.04 NS 
Pleural calcifications —0.61T 
Combined mean film score 0 431 


"Abbreviations of parameters from Table I. tp < 0.001; 
tp < 0.01; $p < 0.05; NS p > 0.05. 


well visualised with the filter arrangement. Figure 3 
shows that there was considerable interobserver 
variation in the scores given to the individual 
parameters. This resulted in statistically significant 
differences between individual observers as regards 
scores for visualisation of tracheal bifurcation, vertebral 
body, and hilar regions There were, however, no 
statistically significant disagreements between individual 
observers with regard to the order of superiority of the 
techniques for any parameter. 

The borders of the filter were not detectable on any 
of the chest radiographs. Good visualisation of the 
mediastinal and retrocardiac structures was obtained in 
all but two patients. Both patients had had heart 
failure, had very large hearts and had taken shallow 
inspirations. Deformities of the thoracic cage, especially 
severe scoliosis, invalidate the use of the filter 


DISCUSSION 

There are two mechanisms by which an anatomical 
compensation filter has an equalising effect on the 
density distribution of a chest radiograph. Firstly, the 
filter absorbs X rays over the lung fields and makes the 
exposure distribution across the whole chest radiograph 
more uniform. Secondly, the filter makes the X-ray 
beam more penetrating and reduces contrast in the lung 
fields (see Table ID, thus further improving image 
latitude. Theoretically, decrease in visual subject 
contrast 1s partly due to a reduced X-ray attenuation 
coefficient and partly due to an increased fraction of 
scattered radiation reaching the image plane (Johns & 
Cunningham, 1983). Contrast of bony structures is 
especially decreased, because the X-ray attenuation 
coefficient of bone, relative to that of soft tissue, 


decreases more rapidly (Spiers, 1946). The latter 
phenomenon is analogous to that in high-kV 
techniques, but observations about its effect on visibility 
of clinically important details are still conflicting 
(Hallenbeck, 1975; Proto & Lane, 1978; Herman et al, 
1982). Another consequence of the X-ray beam 
hardening is the increased proportion of emitted K-edge 
photons from the screen phosphor, reabsorption of 
which decreases spatial resolution (Arnold & Bjdrngard, 
1979), a fact that might decrease visibility of minute 
details on the lung flelds. Finally, by decreasing X-ray 
beam intensity, the filter arrangement requires longer 
exposure times, and thus kinetic blurring, especially in 
the hilar regions, might become disturbing. In the 
present study, only one compensation filter was 
evaluated, but because of the identical basic operating 
principles, the results are probably applicable to 
variable-thickness chest filters as a whole. 

As expected, visibility of mediastinal and retrocardiac 
structures was clearly better with the filter arrangement 
compared with conventional! radiography. This is due to 
increased depth resolution (ie. reduced thickness of 
tissue that will cast a detectable shadow) when the 
density of these areas gets out of the “toe” region of the 
H-D curve of the screen-film combination (Dyke et al, 
1975) By using the filter the inherent (or visual) subject 
contrast of a 32 um-thick gold plate increased by a 
factor of two (Table IT). 

Because of the X-ray beam hardening, the visual 
subject contrast of the gold plate decreased slightly in 
the lung fields (Table II). Decrease in the visual 
detectability of the E test-plate figures was also noticed 
with the filter. The D, of the gold E test-plate 
radiographed on the human chest has previously been 
found to correlate closely with the resolution capacity 
of the ımaging chain (Manninen, 1985b). Clinically, 
reduced visibility of rib details and pleural calcifications 
was noticed (Table H). However, visualisation of the 
calcifications of the centrally situated aortic arch was 
not impeired. Practically identical visualisation of 
peripheral pulmonary vessels was registered, while 
detectability of parenchymal changes was slightly, 
though not statistically significantly, poorer with the 
filter arrangement. The result contradicts the finding of 
Proto and Lane (1978) that X-ray beam hardening, 
using high-kV techniques, improved detection of 
interstitial disease. Wieder and Adams (1981), using an 
aluminium trough filter, did not find any change in the 
visibility of “parenchymal” shadows. 

In the hilar region, the visibility of anatomical details 
was slightly improved by the use of the filter (Table IIT). 
This implies that the improvement from the equalising 
effect of the filter on exposure distribution also in this 
region exceeds decrease in image quality due to 
increased motion unsharpness caused by longer 
exposure times. In fact the exposure times (see Table IT) 
did not exceed recommended maximal values for 
chest radiography (Meredith & Massey, 1972). For 
ideal visualisation of hilar and paravertebral structures 
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accurate patient positioning is important to avoid 
artefacts caused by the filter edge, and for patients 
suffering from severe scoliosis or other severe 
deformities of the thoracic cage the technique should 
not be applied. 

The filter arrangement generally obtained a clearly 
better score for the combined mean value of the eight 
quality parameters (three of which described visibility of 
mediastinal and retrocardiac structures, one visibility of 
hilar regions, three visualisation of peripheral lung 
fields, and the parameter "clinical findings" for the 
whole area of the chest radiograph) Though the 
usefulness of an anatomical compensation filter in 
diagnosing chest pathology is a very complicated 
question and depends on the clinical problem being 
investigated, it is evident that the technique provides a 
reliable and simple way to improve the visibility of 
normally underpenetrated areas of the chest radiograph 
without significant impairment of the visualisation of 
the lung fields. 
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ABSTRACT 

It 1s proposed that hyperbaric oxygen fails in the clinical 
situation due to a high proportion (greater than 33%) of 
hypoxic cells in human tumours The means of overcoming 
this problem are reviewed. Additional to hyperbaric oxygena- 
tion, moderate hypothermia (30°C) to allow redistribution of 
oxygen in the tumour is proposed. A system of externally 
controlled intravenous anaesthesia has been developed for the 
singie-subject hyperbaric cylinder. Pharmacological vasodilata- 
tion is induced in the anaesthetised patient who is then fluid 
loaded and cooled. Initial si tang treatments are 
advocated Twenty-nine patients with advanced mouth cancer 
have completed a course of this treatment, of whom five of 
nine were free of disease after 2 years and 10 of 21 at 1 year, 
with three intercurrent deaths. Fifteen have expenenced local 
failure This approach would appear to be practical, safe and 
promusing. 


Hyperbaric oxygen in clinical radiotherapy has not 
fulfilled its early promise (Churchill-Davidson et al, 
1957). It would appear that large tumour sze adversely 
influences response (Van den Brenk, 1968; Chang et al, 
1973; Henk et al, 1977; Henk & Smith, 1977; Sealy, 
1979), even when subject to prior shrinkage with 


chemotherapy (Sealy et al, 1982). Similar results are: 


seen in animal tumours (Suit & Maeda, 1967). 

We postulate, therefore, that the poor response to 
irradiation in hyperbaric oxygen is a function of 
incomplete radiosensitisation due to an increased 
percentage of hypoxic cells present in tumours of a 
more advanced stage. Even small human tumour 
nodules may have 20-40% hypoxic cells (Denekamp et 
al, 1977). Murine tumours may have size-dependent 
hypoxic fractions (for a review, see Moulder & 
Rockwell, 1984), while Mueller-Klieser et al (1984) have 
shown that oxyhaemoglobin saturation by hyperbaric 
oxygen in tumour capillaries also depends upon tumour 
size. Our hypothesis is supported by the view of Adams 
(1978) in that a highly significant gain factor for a 
hypoxic radiation sensitiser treatment will only be seen 


Address for correspondence R. Sealy, Department of 
Radiotherapy, Groote Schuur Hospital, 7925 Observatory, 
Cape Town, South Africa. 


when less than 0.001% of the tumour cells remain 
biologically hypoxic when so exposed. Hyperbaric 
oxygen at 3 atmospheres absolute increased the oxygen- 
carrying capacity of the blood by about 33% over that 
in air; thus, it would not be possible, under the most 
favourable conditions, to oxygenate completely 
tumours with a very high proportion of hypoxic cells by 
this means alone. Morgan (1967) has calculated, for a 
large tumour, that even 1% of hypoxic cells would 
increase the necessary radiation dose for cure to 
impossibly high levels for clinical tolerance. It is, 
therefore, appropriate to explore methods of achieving 
a several-fold improvement in the oxygen supply of 
tumours over that which is obtained in conventional 
hyperbaric oxygen at 3 atmospheres absolute. Increas- 
ing oxygen pressure of from 3 to 4 atmospheres raises 
the oxygen-carrying capacity of the blood by a further 
12%. This would not be adequate if more than 45% of 
the cells were to be hypoxic in even a small area of a 
tumour. 

Peripheral vasoconstriction (Whalen et al, 1965; 
Bachofen et al, 1971; Johnson, 1971; Johnson et al, 
1972) may be an important unwanted side-effect of 
oxygen therapy which should be avoided in the clinical 
situation (Sealy, 1979) since it may be protective (Milne 
et al, 1973; Pallavicini & Hill, 1983). However, its 
abolition would not improve the supply of oxygen to 
the tumour more than about 33% above that seen in air 
(Whalen et al, 1965) and, thus, as a sole additional 
measure would not be expected to increase the radiation 
sensitivity of a cell population with greater than 33% 
hypoxic cells. 

Another option is the use of hyperbaric oxygen 
together with a concomitant reduction in the oxygen 
utilisation rate of the tumour. This could lead to a 
centrifugal redistribution of oxygen within the tumour 
cord (Thomlinson & Gray, 1955) or layers (Scott, 
1957). This condition can be achieved pharmacologic- 
ally (Crabtree & Cramer, 1934; Hall et al, 1952; Durand 
& Biaglow, 1974; Haynes & Inch, 1976), but systemic 
doses of drugs in excess of those which can be given 
under ordinary clinical conditions would probably be 
required (Durand et al, 1976). 
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Induced hypothermia provides an alternative 
approach. Crabtree and Cramer (1934) and Hall et al 
(1952) suggested that the radiation sensitivity of mouse 
tumours might be increased at 0°C. In an attempt to 
improve radiation sensitivity by causing a reduction in 
oxygen utilisation and, hence, a redistribution of 
available oxygen, Bloch et al (1961) irradiated 
moderately hypothermic patients for glioblastoma 
multiforme. but found radiation-induced brain oedema. 
In less critical anatomical situations this might not be a 
limiting factor. Surface physico-pharmacological 
cooling to about 30°C is well known in anaesthetic 
practice and cardio-pulmonary bypass cooling to about 
14°C is frequently undertaken in cardiac surgery. As an 
initial study, we decided to investigate the former. 

Two widely differing rates of change of oxygen 
utilisation with change in temperature are quoted in the 
literature (Bigelow et al, 1950; Ross, 1954; Horvath & 
Spurr, 1956; Wright, 1971; Ganong, 1983). Utilising the 
lower rate quoted (7%/1°C), it can be calculated that 
the whole-body oxygen consumption at 30°C will be of 
the order of 50% of what itis at 37°C This figure seems 
to have fairly wide acceptance (Bigelow, 1958; Nunn, 
1980). 

Cardiac output falls with drop in temperature and 
figures of 50% of normal at 28°C are quoted (Ross, 
1954), but even were this to be so and peripheral 
perfusion decreased proportionately, 3 atmospheres 
absolute oxygen at 30°C would still effectively provide 
an excess of additional available oxygen. 

If a tumour was fully oxygenated, and the dose for 
37% cell survival was about 1.40 Gy, then a single dose 
of 6.00 Gy would leave a surviving fraction of leas than 
2%. It would be expected that the redistribution of 
oxygen following such massive cell death would allow 
effective reoxygenation of the surviving tumour cells, 
provided that the significant factor was not destruction 
of critical elements of the tumour vasculature. 

We describe here our experience in 31 patients in 
whom radiosensitisation was achieved by hypothermia 
and hyperbaric oxygen (3 atmospheres absolute) in 
combination with pharmacological vasodilatation. 


THE LOGISTICS OF PROVIDING ANAESTHESIA 

The provision of an environment for radiotherapy of 
hyperbaric oxygenation and hypothermia poses patho- 
physiological and logistic problems, of which the 
former are the most serious. Of all the pathophysio- 
logical accompaniments of induced hypothermia, the 
most dangerous is cardiac arrhythmia, especially 
ventricular fibrillation, the threshold for which is 
usually below 30°C, the target temperature accordingly 
chosen. 

Before treatment, all patents have myringotomy 
needles inserted. For the induction of hypothermia a 
standard technique of surface cooling under general 
anaesthesia is used. Because of the constraints of the 
hyperbaric cylinder, we have opted for total intravenous 
anaesthesia with a continuous infusion of etomidate 


(1-2 mg/kg/h) combined with fentanyl (300—400 ug 
during the period of cooling) paralysis with d- 
tubocurarine (approximately 45 mg during total period 
of anaesthesia) and ventilation with nitrous oxide with 
40% oxygen during cooling and oxygen alone during 
the hyperbaric phase. 

After induction of anaesthesia and immediately 
before commencement of cooling, vasodilatation and 
control of shivering is achieved by the administration of 
20—50 mg of Largactil (May & Baker Ltd) administered 
with appropriate fluid loading (balanced salt solution 
and plasma). The patient's physiological homeostasis 1s 
controlled by appropriate reactions to monitoring of 
multiple vital functions. These include electrocardio- 
graphy and arterial and venous pressure transduced 
from percutaneous radial arterial and right atrial 
cannulation. These allow also for serial monitoring of 
acid—base, blood—gas and electrolyte status. A separate 
intravenous hne is established for fluid and drug 
infusion. End-tidal CO, concentration is continuously 
monitored by capnography, the volume of ventilation 
being adjusted to maintain end-tidal CO, concentration 
between 4% and 5% during the fall in temperature and 
metabolic rate. If necessary, 2—4% CO, is added to the 
inspired gas mixture during cooling to prevent alkalosis. 

Temperature is monitored in the middle third of the 
oesophagus and in the rectum with thermistor probes. 

A cooling rate of 1°C/15 min has been found to be 
optimal in terms of accurate control of afterdrop. Once 
the temperature has reached its nadir following 
afterdrop—which approximates 2?C— and oesophageal 
and rectal temperature have equilibrated, core tempera- 
ture remains stable for a prolonged period. 


Hyperbaric phase 

Major logistical problems follow from the spatial 
constraints of our single-patient pressure vessel (Vickers 
Mark IV), the spark and explosion danger inherent in 
the hyperbanc oxygen environment and the enforced 
remoteness of the anaesthetist from the patient for the 
period of pressurisation and irradiation. Modifications 
of the cylinder door were made to permit airtight 
passage of intravenous lines for the administration of 
intravenous anaesthetics and other drugs from without 
by means of constant infusion pumps (IVAC), and 
cables from all the monitoring devices to appropriate 
external displays to allow continuous monitoring. 

The period for which the patent is remote from the 
anaesthetist ıs of the order of 50 min. 


Ventilation 

Ventilation with pure oxygen in the tank is provided 
by a compact Vickers fluid logic ventilator. It has no 
moving parts and so obviates any danger of spark 
generation. Airway pressure generated during the 
inspiratory phase is registered on a pressure gauge 
inside the tank visible through the perspex wall and, 
together with the capnograph oscillation, provides a 
visible means of monitoring respiration. 
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Depressurisation, rewarming and reversal of 
neuromuscular block 

At the conclusion of therapy, the patient is 
depressurised, removed from the tank and rewarmed in 
a bath of warm water. 

Once rectal and oesophageal temperatures exceed 
34°C, the action of muscle relaxant is reversed with 
glycopyrrolate/neostigmine, spontaneous respiration is 
re-established, anaesthesia discontinued and the patient 
allowed to awaken. 


Complications 

We have applied this technique on 42 occasions to 34 
patients, the number of treatments per patient being 
dictated by radiotherapeutic criteria. All patients have 
regained consciousness rapidly after treatment and have 
been fit for discharge from hospital the next morning. 

The most dangerous complication associated with 
induced hypothermia is the onset of various cold- 
induced cardiac arrhythmias, the incidence increasing 
sharply at temperatures below 30°C. Fifteen of the 42 
treatments have been so complicated. These were, in 
order of frequency: atrial fibrillation (12), ventricular 
tachycardia (one), multiple ventricular premature 
systoles (one), ventricular fibrillation (one). Initially, 
aggressive attempts at increasing cooling rates resulted 
in poor control of afterdrop with a high incidence of 
arrhythmia, but with better control of cooling rates; 
only four instances of atrial fibrillation have occurred in 
the last 21 patients treated. Atrial fibrillation has 
reverted to sinus rhythm in all cases on rewarming, 
combined with Verapamil (Knoll, Ltd) 5 mg in all but 
three. The episodes of ventricular tachycardia and 
multiple ventricular premature systoles were controlled 
with lignocaine. 


Cold-induced hypertension 

A consistent reaction has been a hypertensive 
response of varying degree to the movement and 
handling of the cooled, vasodilated and fluid-loaded 
patient and his insertion into, and pressurisation in, the 
pressure vessel. We have found the continuous infusion 
of sodium nitroprusside of use in controlling this 
reaction. The subsequent warming hypotension 
secondary to vasodilatation is then relatively easily 
handled by discontinuing the drug and volume loading 
of the patient. 


Cardiac output 

The relative cardiac output was determined in six 
patients, using a radionuclide technique as previously 
described (Novitsky et al, 1984). Technetium-99m label- 
ling of red blood cells was carried out in vitro using the 
Brookhaven National Laboratory Kit according to the 
method of Smith and Richards (1976). Activities of 
about 1500 MBq were used because of the necessity of 
accumulating a sufficient number of counts in as short a 
time as possible. A high-resolution, low-energy col- 
limator on a Siemens gamma camera linked to a 


Medical Data Systems computer was employed, 
scanning in the anterior and left anterior oblique views. 

The mean cardiac output in the conscious patient was 
4.1 l/min (range 2.6-5.3 l/min) and in the anaesthetised, 
cooled, vasodilated, fluid-loaded patient was 4.7 l/min 
(range 3.5-6.2 l/min). These findings indicate that, 
under these conditions, decrease in the cardiac output 
did not occur. 


Acid-base and fluid balance 

No difficulties have resulted in relation to blood-gas 
and acid-base homeostasis, but the cold-induced 
diuresis, usually commencing at a core temperature of 
31-327C and which commonly leads to the passage of 
2-31 of dilute urine during the procedure, does require 
catheterisation and careful management, especially with 
regard to its effect on serum K * level and control of 
circulatory volume homeostasis. 


CLINICAL RADIOTHERAPEUTIC EXPERIENCE 

Patient selection 

Since August 1982 the treatment has been offered to 
patients with Cape Town T, (4—6 cm), T, (in excess of 
6cm diameter) or N, (fixed nodes) histologically 
confirmed inoperable squamous carcinoma of the 
mouth. Such tumours thus tend to be larger than those 
staged as T, or T, in the International Union against 
Cancer (UICC, 1978) classification, since invasion of 
muscle or bone does not advance the Cape Town stage, 
which is calculated purely on size. It is our experience 
that about 25% of such patients are free of disease | 
year after conventional radiation treatment. Whilst 
being prepared for treatment, most patients received 
methotrexate intravenously (80 mg/m? body surface per 
week) to prevent extension of the tumour. It is our 
experience that such chemotherapy administered until 
about I} week before irradiation does not affect 
subsequent radiotherapeutic control of the disease 
(Sealy et al, 1982). 

The protocol was passed by our local ethical review 
committee and informed patient consent obtained. 


Irradiation technique 

An individual perspex cast was made for each patient 
and the known tumour and spinal cord localised within 
it. Individually drawn conventional multifield treat- 
ment plans were prepared and special attention given to 
avoidance of the spinal cord. The cast was made to 
fasten in a known position on the table top within the 
hyperbaric cylinder. To allow for refraction of the light 
beam, the set-up was rehearsed with the cast only, with 
a simulator of the hyperbaric cylinder on the treatment 
couch. This enabled the beam entry points and angles 
and the source-skin distances to be marked on the cast. 
Ellis-type compensators and a 1 cm build-up where the 
peak dose was required to be on the skin surface were 
made. Eight MeV X rays and the Vickers Mark IV 
hyperbaric cylinder at 3 atmospheres absolute on a 
modified hand-operated commercial hydraulic ram were 
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used. The time taken to place the patient into the 
chamber averaged about 30 min; thus, patent place- 
ment took place when the core temperature was about 
32°C. Afterdrop cooling coütinued during this place- 
ment period, as well as the compression and the soaking 
times (15 min). The intratumour treatment levels, as 
measured by interstitial thermistor probes, closely 
followed those of the core and were about 30°C in all 
cases, before and after irradiation. All patients, except 
the first, also received prophylactic neck nodal 
irradiation given in air at ambient temperature. The 
usual nodal dose was about 42 Gy in 14 fractions 
given three times per week. 


Radiation fractionation 

Large-fraction hypothermic hyperbaric radiotherapy 
to the known disease only was given at the beginning of 
the treatment course. Anaesthetic considerations 
prevented more than one such treatment per week and 
the original aum was, therefore, to deliver two fractions 
of 6.00 Gy tumour dose to produce a large cell kill on 
Treatment Days 1 and 7, with two fractions of 2.00 Gy 
on Days 3 and 4. However, it became clear that two 
hypothermic treatments were difficult to schedule and 
later only one initial treatment was given. Thereafter, 
five times weekly treatments in air at ambient 
temperature were given to clinical tolerance, usually 
20 x 2.00 Gy with two hypothermic fractions (total dose 
56.00 Gy in 37 days) and 26 x 2.00 Gy with one (total 
dose 58.00 Gy ın 38 days). With a single hypothermic 
treatment, two booster daily doses of 3.00 Gy were 
usually given to any residual mass at the end of 
treatment. The ive TDF values were estimated to 
be about 95 and 100, and corrected for the hypothermic 
RBE to about 114 and 119, using the data obtained in 
the accompanying paper (Hering etal, 1986). Two 
patients, because of machine breakdown or the 
necessity to control hypertension, received hypo- 
thermic irradiation at the end of their course of 
radiation. 


Radiation reactions 

Our experience of acute post-irradiation oedema was 
similar to that of Bloch et al (1961). This appeared 
some 2-4 h after treatment and in the first patient was 
of such a degree that tracheotomy was performed as a 
prophylactic measure before the second treatment. All 
other patients were then controlled by a single dose of 
100 mg of dexamethasone given intravenously at the 
time the anaesthetic was discontinued. The acute 
radiation reactions developing during the course of 
treatment were scored for and membrane 
formation (Sealy et al, 1982) and did not differ from 
those experienced dunng conventional courses of 
treatment 

With the exception of one patient with mandibular 
necrosis, marked late effects have not so far been seen. 
The large tumours treated have necessitated large fields 
which have resulted in mild to moderate xerostomia. 


Mild subcutaneous oedema has been seen in four 
patients but this has regressed in two. One patient has 
subcutaneous fibrosis at 28 months and another at 24 
months. 

In five patients who received two initial hypotbermic 
treatments, the mean time to clinical tumour regression 
was 14.6 (range 7-21) days, whereas in 19 patients who 
received one such treatment the mean time was 39.3 
(range 11—60) days. 


Results of treatment 

Thirty-one patients have accepted and completed a 
course of treatment. In two early cases hypothermic 
treatment was abandoned. Twenty-seven of 29 patients 
treated hypothermicall experienced complete initial 
regression of the tumour. Five of nine hypothermically 
treated patients were free of disease after 2 years, whilst 
10 of 21 patients at risk at 1 year remain free of disease. 
In addition, a further three patients have died free of 
disease in the treated area, of a cerebrovascular 
accident, lung metastases or pneumonia, possibly 
associated with lung metastases, less than 12 months 
after completing treatment. Eight patients completed 
hypothermic irradiation less than | year ago. Compared 
with a series of 64 consecutive patients with T4, or T, 
oral cancer treated about the same time with 
conventional fractions in ai (63.00 Gy TD in 30 
fractions in 38 days) where only 18 had locally 
controlled disease at 1 year, the results for control of 
the disease are significant at the 10% level (y^ = 2.7) at 
] year. When the results are compared at 2 years (5/9 
and 5/58), although the numbers are very small, the 
results are significant at less than the 1% level 
(x? = 13.5). A similar trend 1s seen when the results are 
compared with a retrospective series of 47 patients with 
T4 mouth cancer (Sealy et al, 1982) treated with large 
fractions (36.00 Gy TD in six twice-weekly fractions in 
18 days) where 11 patients were free of disease at | year 
(x? = 3.9 and 6% level of significance). The results also 
compare favourably with our past experience of 


. radiating patients with squamous carcinoma of the 


mouth in hyperbanc oxygen (45.00 Gy TD in nine twice- 
weekly fractions in 29 days) with T, (4—6 cm diameter), 
T, (greater than 6 cm diameter) or N, (fixed nodes) 
stage disease where one out of 13 patients was free of 
disease at 1 year. The difference is significant at less 
than the 5% level (z? = 5.8). 

Nodal recurrence caused death in two patients in this 
series where the individual nodes were very large with 
diffuse disease in the neck and with estimated volumes 
of 39 cm? and 48 cm?, respectively, whereas smaller 
nodes usually seem to have been controlled. In another 
two, nodal and primary recurrent disease was observed. 
Two of four patients who had disease involving bone, 
one with extensive destruction of the anterior 
mandibular arch, remain well with the primary growth 
area healed. 

One remarkable feature of this method of treatment 
is the excellent patient tolerance to the prolonged 
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hypothermic anaesthetic, which makes post-treatment 
care very casy. 


DISCUSSION 

We have formulated a theory for the clinical failure 
of hyperbaric oxygen radiotherapy and laid the 
groundwork for its application. 

The clinical course of events so far supports the 
onginal thesis in that 27 of 29 patients in whom 
treatment was successfully completed, had complete 
regression of disease. These findings suggest that large 
primary growths in the mouth ‘may have over 33% 
hypoxic cells and that large nodal metastases may have 
even more. 

The very rapid regression rate seen with two 
hypothermic treatments, which seems to involve the 
whole tumour at once, is of interest since it does not 
have the same pattern as the classical centripetal 
regression of Coutard (1932). On the contrary, this 1s 
more in keeping with a large random and widespread 
tumour cell death at the initial treatment rather than 
that which might be seen with gradual reoxygenation. 
The slower rate of regression seen after one hypo- 
thermic treatment suggests that massive cell kill takes 
place with a second treatment and that a pattern of 
regression is induced with a single treatment more akin 
to that found with successful irradiation in air. Thus, it 
is possible that, even under the circumstances reported 
here, oxygen does not easily gain access to the tumour 
cells because of a poor and perhaps partially destroyed 
vasculature, as in a large, partially necrotic lymph node. 
This need only happen in one small area involving no 
more than about 10’ cells for local recurrence to take 
place It is known that human tumour oxygen supply 
can vary greatly between regions of only a few 
millimetres in volume (Mueller-Klieser et al, 1981). 
Jung et al (1984) have recently shown that haemodilu- 
tion increases tumour blood flow and the availability 
of oxygen to a rat tumour. After induction of the alpha 
adrenergic blockade, our patients received 2-3 1 of fluid 
to maintain blood pressure which, thus, led to a fall in 
the haematocrit to about 30%. Moreover, our cardiac 
output studies show that a decrease did not occur due 
to the hypothermia, presumably due to a high cardiac 
output state induced by the fluid loading and alpha 
adrenergic blockade. 

Others have found supporting evidence in a mouse 
tumour for the theory proposed here. Tozer et al 
(1984), in a search for anaesthetic agents to improve the 
results of irradiation in hyperbaric oxygen, found that a 
combination of ketamine and diazepam lowered tbe 
body temperature and improved the TCD, for a 
mouse mammary tumour in hyperbaric oxygen, but not 
in air. It is possible that the anaesthesia used in the 
early clinical experiences with irradiation, under 
hyperbaric oxygen, chlorpromazine and pentobarbitone 
sodium (Churchil-Davidson et al, 1957), acted in a 

The spinal cord has been rigorously avoided for those 


treatments given in hypothermic hyperbaric oxygen, but 
we are at present examining the late effects of single 
doses on pig spinal cord. 

Although this approach is far from trivial and is 
labour intensive, it is no more so than major head and 
neck surgery. If a high success rate is maintained, it 
would be more cost effective than conventional methods 
of treatment with higher failure and all the attendant 
late care problems, quite apart from the overnding 
consideration of failure to cure. 
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ABSTRACT 

An approach to using hyperbenc oxygen with radiation in a 
climcal utuation has been described in the preceding paper in 
this issue To ascertain whether there might be a change in the 
relative biological effectiveness of radiation on normal 
mammalian tissue treated under conditions of hypothermia 
and hyperbanc oxygen, the acute reaction to radiation of pig 
skin was studied. A single dose enhancement ratio at the 
erythema reaction level of 14:-0.08 was obtained when 
compared with irradiation at normal body temperature in air. 
We studied also a senes of antioxidant enzymes in rat liver and 
lung after exposure to hypothermia and hyperbaric oxygen 
Enzyme changes were such as to combat oxygen toxicity which 
might develop as a result of the pre-treatment 


In order to ascertain whether there is a change in the 
radiobiological effectiveness of radiation on normal 
mammalian tissue treated under hypothermia and 
hyperbanc oxygen (Sealy et al, 1986), we studied the 
acute radiation reaction on pig skin. This was chosen as 
our biological test system since ıt has been extensively 
used in RBE determinations (e.g. Fowler, 1981) and 
results can be extrapolated to the human with a high 
degree of confidence (Hall, 1978). In addition, drug 
administration regimes similar to those that were 
envisaged to be used on humans could be put into effect 
(Sealy et al, 1986). 

Secondly, concern for the possibility of oxygen 
toxicity developing in patients as a result of the 
hypothermic hyperbaric oxygenation (Sealy et al, 1986) 
prompted a search for biochemical evidence of oxygen 
toxicity ` 

The biochemical probes chosen were the activities of 
rat lung and rat liver superoxide dismutase, catalase, 
glutathione reductase, glutathione peroxidase, and also 
glucose-6-phosphate dehydrogenase, since the activity 
of this enzyme has been shown to be increased on 
exposure to hyperoma (Tierney etal, 1973). 
Glutathione levels were also investigated. 


Address for correspondence: E R. Hering, Department of 
Medical Phyncs, Groote Schuur Hospital, 7925 Observatory, 
Cape Town, South Africa 


METHODS 
Pigs 
Pigs of the Large White/Landrace cross variety were 
used, weighing between 50 kg and 60 kg. In total, 
nine pigs (three sets of three litter mates) were used in 
the investigation. Every pig was irradiated to one or 
more dose levels under each of the following conditions: 


(a) in air at normal body temperature (range 
34.5—36 5°C); 

(b) in hyperbaric oxygen (3 atmospheres absolute) at 
normal body temperature (range 34.5-36.5°C); 

(c) in air at hypothermic body temperature (range 
28-3 1°C); 

(d) in hyperbaric oxygen at a hypothermic body 
temperature (range 28-31*C). 


Anaesthesia, cooling and profound vasodilatation in 
the pigs was achieved in essentially the same manner as 
that described by Sealy etal (1986) for patients. 
Experimental animals, to which balanced sait solution 
and drugs were administered via jugular venous 
cannulation, were anaesthetised by Alfathesin 
(alphazalone and alphadalone compound, Glaxo) or 
Hypnomidate (etomidate, Janssen) by continuous 
infusion, curarised with Alloferin (alcuronium chloride, 
Roche) and intubated, ventilated by means of a Vickers 
fluid logic ventilator and subjected to alpha-adrenergic 
blockade with Regitine (phentolomine, Ciba-Geigy). 
Hypothermia was induced by surface cooling with ice 
packs, care being taken not to cover the areas to be 
irradiated. Rewarming was achieved by immersion of 
the animal in water at approximately 40°C. The 
temperature of the animal was measured on the skin 
near the irradiated area and in the oesophagus using 
thermistor probes with a Vickers thermometer. 

Irradiation of pig skin. irradiations were carned out 
inside a single-patient hyperbaric oxygen chamber 
(Vickers Mark IV). Fught fields, each 5 cm x 5 cm, were 
marked by tattooing, four on tbe right hindquarter and 
four on the right forequarter of each pig with at least 
3 cm between each field. Each field was treated to a 
dose ranging from 15 Gy to 29 Gy on the surface of the 
skin 
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TABLE I: 
DEGREE OF RADIATION REACTION OF PIG SKIN 
Score Reaction 
05 No reaction 
10 Faint erythema 
15 Erythema 
2.0 Marked 
2:5 Moist desquamation of less than half of the 
uTadiated area 
30 Moist desquamation of more than half of the 
uTadiated area 


Fight-megavolt X rays from a Philips SL 75/20 linear 
accelerator were used with 2 cm tissue-equivalent 
polystyrene build-up. In order to prevent any hypoxia 
occurring due to pressure, the polystyrene plate was 
suspended immediately above the surface of the skin. 
The animals were irradiated with a vertical beam whilst 
lying on the left side inside the hyperbaric oxygen 
cylinder. The doses were measured using a Baldwin- 
Farmer ionisation chamber and LiF thermoluminescent 
dosemeters. The dose rate at the skin surface was 
1.736 Gy/min. 

Skin scoring. The method of estimating the skin 
reactions was that of visual observations carried out on 
Mondays, Wednesdays and Fridays by three to five 
observers who were unaware of bow each area had been 
irradiated. An arbitrary scale was adopted based on 
that used by Fowler et al (1963) (Table I). 


Rats 

Male Long-Evans rats, weighing between 250 g and 
270 g, were used. Rats were maintained on a standard 
laboratory diet and allowed food and water ad libitum. 
Animals were divided randomly into four groups of six 
rats. One group of rats served as controls and received 
no treatment. The second group of rats (the ''hyper- 
baric" group) was exposed for 4h to 100% oxygen at 
303 kPa. The third group was treated intraperitoneally 
with 70 mg/kg sodium pentobarbital (Sagatal, May and 
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Baker) to induce hypothermia (Pallavicini & Hill, 1983). 
The fourth group of rats (the hypothermic hyperbaric 
oxygen group) received 70 mg/kg sodium pentobarbital 
intraperitoneally, immediately following which they 
were placed in 100% oxygen at 303 kPa for 4h. 
Exposures to hyperbaric oxygen were conducted in a 
Vickers Mark IV single-patient hyperbaric oxygen 
chamber. Temperature was measured in both the 
hypothermic group and the hypothermic hyperbaric 
oxygen group with an Electrolaboratoriet monitor by 
means of thermocouples placed under the skin in the 
abdominal area. The animals in the hypothermic group 
and in the hypothermic hyperbaric oxygen group were 
placed in cages positioned on plastic bags containing 
melting ice immediately after injection of the sodium 
pentobarbital. It was found that the temperature in 
both groups treated with sodium pentobarbital 
decreased from 36°C to a minimum of 29°C. 

Tissue preparation and measurement of biochemical 
parameters. Rats were sacrificed by cervical dislocation 
24 h after commencement of the treatments above, the 
lungs and livers being removed and used immediately. 
Cytosol Cu/Zn superoxide dismutase was extracted by 
the method of McCord and Fridovich (1969) as 
modified by Sykes etal (1978) and assayed by 
following the auto-oxidation of epinephrine to adreno- 
chrome (Misra & Fridovich, 1972). Determination of 
glucose-6-phosphate dehydrogenase was by the method 
of Lóhr and Waller (1963). Catalase was determined by 
the method of Holmes and Masters (1970), glutathione 
by the method of Saville (1958), glutathione peroxidase 
by the method of Lawrence and Burk (1976), 
glutathione reductase by the method of Worthington 
and Rosemeyer (1974) and protein as described by 
Lowry et al (1951). 

The significance of differences between mean values 
for the groups was assessed by Student's t-test. 


RESULTS 
Figure 1 shows the variation of the average skin 
reaction with time for a single pig irradiated to 23 Gy 


Ames thetieing Agost ALFATHEB IN 
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Fia. 1. 


Acute radiation responses for pig skin 
under the four conditions. End-point 
represents the average score for all scorers 
for two fiekis Note the increased reaction 
for those areas irradiated in oxygen and 


the curve suggesting a triphasic response. 
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Fia 2 
The mean early skin reaction for vanous doses in nine pigs. 
Deta points are gyen together with standard errors of the 
means. Not all error bars are shown in order to preserve 
clarity. 


under the various conditions. In general, an early wave 
of reaction reaching a peak at about 25 days after 
irradiation was observed, followed by a slight decrease 
in reaction to a more or less constant, slightly lower 
level. At about 50 days after irradiation the reaction 
increased again in intensity. This reaction pattern is 
similar to that observed by Fowler et al (1963). 

The dose-response curves (Fig. 2) were obtained by 
determining the average skin reaction between the time 
when the reaction first became apparent (lower limit) 
and when it started to increase to the second peak 
(upper limit). This 1s the early reaction stage referred to 


TABLE II 


STUDY OF PHO SKIN REACTION USING HYPOTHERMIA IN 
CONJUNCTION WITH HYPERBARIC OXYGEN 


Anaesthetising Conditions at Enhancement ratio 
agent irradiation at 1.5 reaction 
level 
Alfathewin In Aur Warm Standard 
In HBO, Warm 1.4 
In HBO, Cold 129 
Hypnomidate In Air Warm Standard 
In HBO, Warm 1.4 
In HBO, Cold 14 
HBO, hyperbaric oxygen. 


An error estimate of about +0.08 on the values for the 
enhancement ratio was obtained by a simple “envelope of 
errors" analysis on the dose-response curves. 


by Hall (1978). The size of the animals and maintenance 
limited us to this region. 

The shape of the dose-response curves obtained 
(Fig. 2) resemble those of Fowler et al (1963). From 
these curves the values for the radiobiological effective- 
ness relative to the treatment at normal body 
temperature in air (RBE) were determined, and are 
listed in Table IL. The radiobiological effectiveness was 
determined at the 1.5 reaction level because patients 
would not be treated to skin doses resulting in a greater 
level of damage 

It was noted that the skin damage is increased only 
slightly under hypothermic conditions in air compared 
with normal body temperature in air, whereas there was 
a significant increase in effect for hypothermic/ 
normothermic treatments in hyperbaric oxygen (Fig. 2) 
compared with irradiation in air. 

Results of the hepatic and pulmonary measurements 
in rats are given in Tables III and IV. 


TABLE IH 


THE EFFECT OF HYPERBARIA, HYPOTHERMIA AND HYPERBARIC HYPOTHERMIA ON BIOCHEMICAL PARAMETERS CHOMHN AS PROBES FOR 
OXYGEN TOXICITY IN RAT LIVER THE MEAN RESULTS -+SEM FOR DETERMINATIONS IN SIX ANIMALS ARE GIVEN 


Paramexer Controls 100% O, at 70 mg/kg 70 mg/kg sodium 
303 kPa for4h sodium pento- pentobarbital, 
barbital 100% O, at 
303 kPa for 4h 

Superoxide dismutase (units/mg protein) 1570 +245 1779 +223 1674+ 505 5000 + 879% 

Catalase (umol H,O, degraded/mm/mg protein) 135 0+8.7 106.6+14.8 119.64+29.9 178.2 + 13.4* 

Glutathione (nmol glutathione/mg protein) 167.7+6.5 218.0-+24.9 161.04- 25.8 244.5 t 28.8* 

Glutathione peroxidase (nmol NADPH oxidised/min/mg 3.80.6 6.04- 0.9 7.6 1.6 H3 1.5 
protein) 

Glutathione reductase (nmol NADPH oxidised/min/mg 48.0+1.7 69.7 6 2t 101.4 4: 8 96 65.943 8} 
protein) 

Glucosc-6-phosphate dehydrogenase (nmol NADP 17.7413 31.0+5.0* 27.13:3.9 20.3429 


reduced/min/mg protein) 


Significantly different from control: *p < 0 05; tp < 0.01; 1p < 0.002, &p < 0.001 
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TABLE IV 


Tus EFFECT OF HYPERBARIA, HYPOTHERMIA AND HYPERBARIC HYPOTHERMIA ON BIOCHEMICAL PARAMETERS CHOSEN AS PROBES POR 
OXYGEN TOXICITY IN RAT LUNG. THE MEAN RESULTS -+SEM POR DETERMINATIONS IN SIX ANIMALS ARE GIVEN 


Parameter Controls 100% O, at 70 mg/kg 70 mg/kg sodium 
303 kPa for4h sodium pento- pentobarbital, 
barbital 100% O, at 
303 kPa for 4h 

Superoxide dismutase (units/mg protein) 149 +11 131425 381 t 111.51 474 4 220* 

Catalase (mol H,O, degraded/min/mg protein) 19.9 1- 0.5 29.7 1- 2.6] 17.5449 399501 

Glutathione (nmol glutathione/mg protein) 282.7 18.5 332.01-14.3f 105.1 +15.4 165 8:11.45 

Glutathione peroxidase (nmol NADPH oxidued/min/mg — 5540.4 7.811 12.2+2 6* 11.3x1.9t 
protein) 

Glutathione reductase (nmol NADPH oxidised/min/mg 8.0103 12.6 i: 0.96 12.1 x 1.4* 9.1 - 1.6 
protem) 

Glucose-6-phosphate dehydrogenase (nmol NADP 11.6+0.7 18.0+ 1.41 17.94+2,2* 14.64- 2.5 


reduced/min/mg protein) 


Significantly different from control *p < 005; tp < 0 02, tp < 0.01; $p < 0.001. 


DISCUSSION 

The pig skin studies have shown that, when irradiated 
in hyperbaric oxygen, the skin reaction was always 
greater than when treated in air, irrespective of body 
temperature. The RBE values listed in Table II indicate 
that, while there is an increased effect in those areas 
irradiated under conditions of hypothermic hyperbaric 
oxygenation compared with normal temperature in air, 
the differences were not statistically significant when 
compared with those irradiated at normal temperature 
in hyperbaric oxygen. 

It has been demonstrated by Stewart et al (1982) that 
normal rodent skin is mildly hypoxic. Our findings 
indicate that, even under the influence of alpha- 
adrenergic blockade in air, there are some hypoxic cells 
in normal pig skin and that the protective effect of the 
hypoxia is partially reversed by hypothermia alone, but 
more effiaently by hyperbaric oxygenation. The modest 
effect of hypothermic hyperbaric oxygenation compared 
with hyperbaric oxygenation at normal temperatures 
could be explained by the latter overcoming the 
protectve effect of nearly all the hypoxic cells. If our 
hypothesis is correct, a much greater margin might be 
expected if large tumours were irradiated, since the 
proportion of hypoxic cells would be expected to be 
much greater than in normal skin or smaller tumours. 

The lung and liver play major roles in the defence of 
the body against oxygen toxicity. In the clinical 
situation, where patients are treated radiotherapeutically 
under conditions of hyperbaric oxygenation and 
hypothermia, the duration of the hyperbaric oxygen is 
about 40 min (Sealy etal, 1986). The antioxidant 
enzymes are inducible (Tierney et al, 1973; Crapo and 
Tierney, 1974; Kimball et al, 1976; Rister & Baehner, 
1976; Frank et al, 1978) and can provide protection 
against hyperoxic challenges. In support of this, Deneke 
and Fanburg (1982) reported that significant increases 
in the activities of superoxide dismutase, glucose-6- 
phosphate dehydrogenase, glutathione peroxidase and 


reductase and, in some instances, catalase occur within 
24—48 h in young animals exposed to 100% oxygen. 
This enabled the animals to resist the toxic effects of 
100% oxygen (Frank et al, 1978). It can, thus, be 
expected that if acute oxygen toxicity in rats was to 
develop as a result of hypothermia or hypothermic 
hyperbaric oxygenation, the activities of these enzymes 
would, in fact, not be increased 

Superoxide dismutase was not induced in the lung by 
hyperbaric oxygen alone, but was increased almost 
twofold after sodium pentobarbital and threefold after 
the combination of pentobarbital and hyperbaric 
oxygen. We noted also a more than threefold tncrease 
in hepatic superoxide dismutase activity following 
sodium pentobarbital-induced hypothermia and hyper- 
baric oxygen. These increases in superoxide dismutase 
activity may afford protection against the increase in 
free superoxide radicals that might be produced under 
these conditions. 

Glutathione reductase in the lung was induced in 
response to hyperbaric oxygenation, thus implying a 
continued supply of reduced glutathione which protects 
cells under oxidative stress by scavenging free radicals 
and peroxides (Meister & Tate, 1976). The observed 
depletion of pulmonary glutathione after sodium 
pentobarbital or hyperbaric oxygen together with 
sodium pentobarbital may be partly due to the increase 
in the activity of glutathione peroxidase in both of these 
situations. 

_ Increases in activity of antioxidant enzymes have 
generally only been shown to occur following several 
days of exposure to hyperoxia (Crapo & Tierney, 1974, 
Kimball et al, 1976; Rister & Baehner, 1976; Frank 
et al, 1978). The observed changes in this study after a 
4h exposure to hypothermia and hyperbaric oxygen 
were, in general, of such a nature that potential hepatic 
and pulmonary oxygen toxicity or the effects thereof 
would be combated. Our biochemical evidence is such 
that oxygen toxicity will probably not develop during 
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the course of or during hypothermic hyperbaric oxygen 
irradiation of patients. 
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Radiomechdes m Haematology (Vol. 14 m “Methods in 
Haematology”). Ed. by S.M. Lewis and R. J. Bayly, pp 
vu +262 -+-mdex, 1986 (Churchill Livingstone, Edinburgh), 
£32.00. 

ISBN 0-443-03191-6 

This volume (No 14 in the ongoing senes "Methods in 
Haematology’) is devoted to the use of radionuclides as a 
diagnostic tool 1n haematological practice. It sets out to be a 
comprehensive survey of the various methods currently used, 
and each chapter :s designed as a critical, in-depth review of a 
particular technique or topic. There are 12 chapters, each by a 
different author or group of authors who are experienced in 
the methods they discuss. 

The first two chapters provide some basic physics, a down- 
to-carth discussion of some prerequisites for the use of 
radionuctides and a survey of instrumentation and methods for 
their detection and counting. Chapter 3 describes mr-vitro 
methods for radioassay and quantification of substances of 
importance in the diagnosis of haematological disorders. 
Whole-cell labelling and tracking us the topsc for Chapter 4. 
Next, the complex problem of protein labelling 1$ considered 
and various applications of protein tracers illustrated A useful 
practical appendix on experimental methods for making 
radioiodine-tagged proteins concludes this chapter. Chapter 6 
deals briefly with autoradiography at both hght and electron 
microscope levels and again provides practical guidance by 
way of schedules and formulae. The book then moves on to 
deal with two applications requiring expensive instrumentation 
and expert personnel, namely the maging and quantitative 
scanning of radioactivity in body organs and structures, and a 
short chapter on whole-body counting The last four chapters 
review specific fields where radioactive tracers have been 
extensively used in haematology: absorption and excretion, 
blood volume, plasma clearance and blood-cell survival. 

As is inevitable in a mult-author publication, the 
presentation quality and content selection of chapters varies, 
but, overall, I found this an interesting and helpful book. The 
high standards achieved by this series are certainly maintained 
In their preface the editors indicate that the book 1s directed 
primarily at the haematologist wishing “to learn something of 
the banc principles of the application of radionuclides... and 
to be brought up to date on recent developments”. I believe 
they have achieved their objective admirably. 

JotrN R. K SAVAGE 


Cancer Metastasis’ Experimental and Clmical Strategies. 
Progress in Clinical and Biological Research, Vol. 212. Ed. by 
D. R Weich, B K. Bhyan and L.A Liotta, pp PA 1986 
(Alan R. Liss Inc , New York), £39. 

ISBN 0-8451- 5062-6 

"One of the major causes of treatment failure in the cancer 
patient is the formation of resistant metastatic tumor cells At 
the present time, there 1s no single clinically useful agent whose 
major therapeutic activity could be described as antimetastic ” 
So says the dust jacket of this 212th volume in the series 
"Progress in Clinxal and Biological Research". The 19 
chapters form the proceedings of a symposium held in 
Kalamazoo, Michigan, in September 1985. The organisers are 
to be congratulated for publishing the book just 7 months 
later Sadly. no such rapid solution has been offered to the 
problem of metastasis. 

Hellman started looking for antimetastatic drugs 20 years 
ago and '*with the first compound in the first experiment in the 
first screen, we completely abolished the metastases without 
any immediately obvious effects on the growth of the primary 
implant” This was using the Lewis lung carcinoma as an 
experimenta! tumour model. “If it was that easy, we felt it was 
highly bkely that many other compounds would do the same. 
We were wrong.” Indeed, razoxane has not fulfilled that early 
promise ın clinical use. 

Perhaps the wrong model system had been used. In this 
book, there are several chapters devoted to the choice of 
model. But perhaps the best contribution is from Dorothy 
Glaves at Roswell Park Memona! Institute where Leonard 
Weiss has researched this problem for many years “There are 
few reliable quantitative estimates of circulating human cancer 
cells so that the relevance of experimental systems to human 
cancer is sull uncertain " There 1s not even evidence for a role 
of oncogenes 1n this field. The only comfort to be derived from 
this book is that no obvious stone has been left unturned, and 
several useful leads are suggested. 

A H W. Nus 
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ABSTRACT 

Ninety-six patients with toxic diffuse goitre (Graves! disease) in 
whom rapid control of disease was necessary were treated with 
an "ablatrve" dose of 550 MBq of radioiodine (1711) with the 
intention. of inducing hypothyroidism Outcome was 
established in 93 cases (mean follow-up 37 months), 45 
patients (48%) becoming hypothyroid, 30 (32%) remaining 
euthyroid and 18 (19%) with persistent thyrotoxicosis 
requiring further !?![ therapy It is thus apparent that a fixed 
dose of 550 MBq !*!I cannot be considered ablative, with less 
than 50% of patents developing hypothyroidism. 


The use of radioiodine (!?!D), for the treatment of 
diffuse toxic goitre (Graves’ disease) is well established. 
Ideally, one would hope that all patients would remain 
euthyroid following treatment At the present time, this 
goal appears unattainable as the incidence of hypo- 
thyroidism ıs in the range of 30-70% 10 years after !?!I 
therapy and this is relatively independent of 
administered dose (Glennon et al, 1972). 

Wise et al (1975) reported that a fixed dose of 15 mCi 
(550 MBq) of !?![ resulted in the rapid control of 
hyperthyroidism in most patients with Graves’ disease 
and was associated with a high (92%) early occurrence 
of hypothyroidism. This approach, being relatively 
simple and inexpensive, has been advocated for the 
treatment of all patients with hyperthyroidism (Kendall- 
Taylor et al, 1984) However, the aim should be to cure 
disease and not to substitute another condition which is 
simpler to treat. Nevertheless, there are some thyrotoxic 
patients for whom rapid and permanent control of 
disease is desirable and for whom development of early 
hypothyroidism is, therefore, acceptable. Patients who 
fall into this category include those with cardiac disease 
(both heart failure and atrial fibrillation) or severe and 
complicated non-thyroid disease, elderly and infirm 
patients, patients who have had surgery for hyper- 
thyroidism, and possibly some patients with chronic 
mental illness. This study was undertaken to assess the 
success of the simple regime recommended by Wise et al 
(1975) as applied to patients with complicated Graves' 
disease 


Address for reprints. Professor M. N. Maisey, Department of 
Radiological Sciences, Guy's Hospital, London SEI 


PATIENTS AND METHODS 

Patients 

Patients were referred to the thyroid clinic at Guy's 
Hospital to be considered for !?!T therapy between 1974 
and 1982 This study includes only those who had a 
clinical indication for rapid control and for whom ıt 
was felt that the high probability of subsequent 
hypothyroidism justified the use of a high !?!I dose to 
achieve early permanent control. All the patients were 
hyperthyroid by the usual clinical and biochemical 
criteria, including elevated total truodothyronine and 
thyroxine measured by radioimmunoassay (T3 RIA 
and T4 RIA, Radiochemical Centre Amersham). Before 
131] therapy, a radionuclide scan was performed 20 min 
after the injection of 180 MBq of °*Tc™ pertechnetate, 
using a gamma camera fitted with a pinhole or long 
parallel-hole special thyroid collimator Only patients 
with evidence of a diffuse uptake confirming Graves’ 
disease rather than Plummer's disease were included in 
this review. 


Radiolodine therapy 

Treatment with 550 MBq !?!I consisted of a single, 
oral dose of sodium iodide. When antithyroid drugs 
had been prescribed prior to referral they were stopped 
at least 3 days before treatment with !*!] and were 
usually restarted 48 h later, and then discontinued as 
the patient became euthyroid or hypothyroid. The likely 
consequences of the treatment were fully explained to 
all patients and relatives, the usual precautions to 
prevent unnecessary irradiation of the public were 
instituted and all patients were followed up carefully 
with regular thyroid function tests, usually at 6 weeks, 3 
months, 6 months, 9 months and 1 year, and then 
annually. Patients who became hypothyroid were in 
most cases then discharged to the care of their own 
general practitioner, after stabilisation on thyroxine. 


RESULTS 
Ninety-six patients were included, having met the 
criteria of complicated Graves’ disease ın whom early 
rapid control was clinically indicated (Table I). Follow- 
up information is available for 93; two patients were 
lost to follow-up and one died of non-thyroidal illness 
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TABLE I 
INDICATIONS POR ABLATIVE THERAPY WITH '?!]I 
Indications No. of 
patients 

Elderly patients 12 
Poor drug compliance 3 
Associated psychiatric disease 3 
Associated non-thyrosd cardiac disease 10 
Cardiac complication of thyroid disease 

Atrial fibrillation alone 18 

Cardiac failure alone EE S. 16 

Cardiac fatlure with atrial fibnilation i1 
Poor control of hyperthyroidism 21 


with inadequate information as to the thyroid status at 
the time of death. 

The mean age of the group was 61.7 (range 28—86) 
years, and the female : male ratio was 4.3:1 

Sixteen patients had had previous thyroid surgery 
between 3 months and 32 years before the radioiodine 
treatment. 

Seventy-two patients had been receiving antithyroid 
drugs (carbimazole or propylthiouracil) for more than 3 
weeks before treatment but all had stopped taking these 
3 days before receiving +I Eight patients had had 
either no treatment or only beta-blocker therapy before 
receiving !?!T. 

A summary of the results is shown in Fig. 1. Of the 
93 patients, 48% were hypothyroid on replacement 
thyroxine at the time of follow-up review 1—9 years later 
(average of 37 months). The mean time of onset of 
hypothyroidism was 6.4 months. Thirty-two per cent 
remained euthyroid at the follow-up review, although 
eight additional patients were initially euthyroid at 6 
months but subsequently relapsed during the next 6 
months. 

Ten patients remained hyperthyroid 6 months after 
treatment. Thus there were 18 patients (19%) remaining 
hyperthyroid 6 months after !?!I therapy and, because 
of the initial plan of treatment, they were treated with a 
second 550 MBq dose of '!I. The one exception was a 
patient who refused further !"!T therapy and who has 
subsequently been maintained on antithyroid drugs. Of 
the 17 patients treated again, 10 became hypothyroid by 
the time of review and seven have remained euthyroid. 
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Results of 1-9 year follow-up. 


There were no patients who required more than two 
doses of "T in this series. 

Table II compares the subgroup of patients in this 
series who were pre-treated with antithyroid drugs with 
those who did not receive antithyroid drugs. The most 
obvious finding was that whereas 17 of 70 patients 
receiving antithyroid drugs required further '°'] 
treatment, none of those who were not receiving them 
required further therapy. 


. DISCUSSION 

In this study we have found that, even when an 
"ablative" dose of 550 MBq of !"!I was given for 
complicated thyrotoxicosis where rapid definitive 
therapy was clinically desirable, in 19% of cases disease 
persisted at 6 months and less than half the patients 
(48%) became hypothyroid. This is in contrast to the 
findings of Wise et al (1975) who found that 92% of 
their patients were hypothyroid and 8% euthyroid at 6 
months, none remaining hyperthyroid. More recently, 
Kendall-Taylor et al (1984) found an incidence of 
hypothyroidism of 58% at 6 months and 64% at 1 year, 


TABLE II 
A COMPARISON OF SUBGROUPS OF PATIENTS RECEIVING !'![ TREATMENT 


No of patients 
Total Hypothyroid — Euthyroid Requirmg Lost to 
further therapy follow-up 
Pre-treated with antithyroid drugs 72 32 21 17 2 
No antithyrosd drugs 8 2 6 0 
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only 5.6% failing to become euthyroid within 1 year. 
On the other hand, Scott et al (1984), using 600 MBq, 
induced hypothyroidism in only 48% of patients within 
6 months, a figure identical with ours. There are a 
number of possible reasons for these discrepancies. Our 
patients were selected because of the need for rapid 
control of their thyrotoxicosis and it is therefore 
possible that, as a group, they exhibit greater resistance 
to radiation therapy for genetic, environmental, dietary 
or other reasons not immediately apparent. None of the 
patents who did not receive antithyroid drug therapy 
before !?!] treatment required a second dose‘of **'T to 
control their hyperthyroidism. While the numbers are 
small, it seems probable that carbimazole exerts a 
radioprotective effect, either directly or by alteration of 
the iodine kinetics (Crooks et al, 1960). Thus, higher 
doses of !?!] may be necessary for patients receiving 
antithyroid drugs as withdrawal of drugs increases the 
risk of recurrence of disease as well as the risk of post- 
therapy thyrotoxic crisis due to the sudden release of 
thyroid hormones Furthermore, while the administered 
dose of !?!I may be the same as in previous studies, it 
does not follow that the dose to the thyroid is the same. 
This depends on gland size, uptake, turnover and 
distribution of radioactivity within the gland itself. For 
example, it has been shown that per mCi dose the 
actual dose in cGy delivered may vary by a factor of 10 
between patients (Becker & Hurley, 1982). 

It would seem attractive to advocate using a simple 
regime, such as 550 MBq of '*'I, for the treatment of 


patients with complicated thyrotoxicosis as the time and 
effort (and consequently expense) spent trying to 
improve the radiation dosimetry is probably not 
justifiable when rapid and definitive control is required. 
However, it is clear from the present study that such a 
dose cannot be considered ablative, and a significant 
number of patients have had to receive further 
treatment with !*!] because of persistent thyrotoxicosis. 
Further prolonged follow-up is necessary in patients 
who are not rendered hypothyroid. 
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Radiology of the Spuse—Twmors. Ed. by L. Jeanmart, pp. 118, 
1986 (Springer-Verlag, Berlin), DM 138. 
ISBN 3-540-15326-8 (Berlin) 

0-387-15326-8 (New York) 
This monograph is the latest in the senes Radiology of the 
Spine, edited by Dr Louis Jeanmart with contributions from 
European authors, apart from Dr Harwood-Nash, Hospital 
for Sick Children, Toronto. 

The chapters are divided into technical aspects, tumours of 
bone, spinal cord, neurinomas, haemangiomas and metastases, 
with more general contributions on paediatric problems and 
radionuclide studies. A criticism of a multi-author text is that 
there may be overlap and repetition, but this is not the case 
here. There is, however, considerable disparity in the contents 
of the chapters, notably "Primary tumors of the osseous spine" 
(Suenon and Jeanmart), where there is no bibliography and 
only very brief mention of the rare, but mportant, osteoid 
osteoma. This compares with “Metastatic disease of the spine. 
contributions of bone scintigraphy” (Frühling) which presents 
a personal series in considerable detail. The remaming chapters 
follow the style of plam radiographs, myelography, computed 
tomography, CTM, angiography and brief mention of 
magnetic resonance imaging. The only personal critscism of the 
contents m the recommendation of a suboccipital approach 
with the patient sitting, to demonstrate the upper level of a 
block. Surely a supine lateral C1/C2 approach ıs less 
demanding for the paraplegic and tetraplegic patient? 

There are minor typographical errors and the flow of text 1s 
marred by a too literal translation. The illustrations are 
outstanding, the index adequate. 

There 1s no doubt that the authors have covered the field of 
spinal tumours and the book will appeal to a wide audience. 
However, there is little that is new and is not available in more 

i texts. It is, therefore, difficult to recommend the 
book strongly on its own, but it will be a useful addition to the 
series. 

C. E. L. FREER 


Medical Lasers (science and clinical practice). By J A. S. 
Carruth and A. L. McKenze, pp. ri-261-rindex, 1986 
(Adam Hilger, Bristol), £19.50. 

ISBN 0—-85274—560—5 

The purpose of light is to illuminate and of surgery often to let 
m the light. It is fitting that this slim volume by a laser 
physicist and a practising clinical consultant should succeed 
brilliantly in both 

The first third deals with the physics both of lasers and the 
production of surgical lesions. This section us aimed at medical 
physscists and should, according to the dust jacket, be of 
interest to laser researchers and "the enthusiastic clinxiuan” 
Certainly for physicists ıt provides a thorough and concise 
grounding where, to give one example, I learned the physical 

of the terms "cutting" and “coagulation”. There 
could not, in the space, be sufficsent detail on specific lasers for 
development purposes or for servicing. The clinician will find 
that enthusiasm does not compensate for a lack of knowledge 
of Boltzmann statistics. 

Most of the rest of the book ıs a succinct and often critical 
review of mainly surgical applications This is chmecians' 
territory, but is also perhaps the most valuable part for the 
phymcist, because enough background is given to make it 
readable and unexplained medical terms do not present too 
much difficulty. Chapters cover ophthalmology, endoscopy, 
gynaecology, dermatology, otolaryngology, photoradiation 
therapy, neurosurgery and other surgery including cardio- 
vascular, urological and general surgery A clinician 
cannot be expert ın all these fields, with the result that the text 
does degenerate here and there into a catalogue of references 
This is a small penalty to pay for the overall concise, crisp style 
which probably could not have been achieved if other authors 
had been co-opted. 

The final mportant chapter on safety covers the topic in a 
sensible and pragmatic way and all chapters provide extensive 
references for further 

In short, this book is a must for the medical physicist who 
becomes involved with surgical lasers. It should also be 
valuable to the clinician who wants a concise overview. 

D. H. FoLLETT 
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Among the many observations made by Roentgen in his 
first paper, the most important and revolutionary for 
medicine were those on the transmission of X rays 
through normally opaque materials, notably through 
tissues of the body. In a single sentence he founded the 
science of radiology: “If one holds the hand between the 
discharge apparatus and the screen, one sees the dark 
shadows of the bones within the much fainter shadow 
picture of the hand itself" (Roentgen, 1895). 

Further absorption. experiments were made by 
Roentgen as well as, in particular, measurements on 
transmission through metal sheets. In Section 5 of his 
first paper, Roentgen wrote: "Platinum, lead, zinc and 
aluminium were rolled out in sheets of such thickness 
that all appeared nearly equally transparent", the 
detector being his barium platinocyanide fluorescent 
screen. He measured the thickness of the sheets and 
gave the values as in the left-hand part of Table I. 
which reproduces the table from Roentgen's paper. 
Besides the thicknesses in mm, he also gave the relative 
thicknesses and the densities of the metals and 
commented: "These values show that by no means is 
the transparency of different metals equal if the product 
of thickness and density 1s the same". Elsewhere in his 
first paper, Roentgen remarked upon the effect of both 
density and thickness on the transmission of X rays. but 
nowhere does he mention atomic weight, although it 
would appear that he had the atomic scale in mind in 
choosing the four metals for his experiment. Also, it is 
curious that platinum is placed above lead in the table 
although it is lower than lead in atomic weight (the 
concept of atomic number was not formulated at that 
time). 

To investigate the implications of Roentgen’s table a 
little further, | have added in Table I a column giving 
the product of density and thickness, pt, and a column 
giving the reciprocal, (pr) !. The values in the last 
column are roughly proportional to the effective mass 
absorption coefficients on the simple assumption that 
pt: (ujip) = A (constant). This, of course, omits con- 
sideration of scatter, especially in the case of 
aluminium, and of the energy dependence of the barium 
platinocyanide detector, but still, for values of A 
between 0.5 and 2 (transmissions between 60% and 
14%), the coefficients are consistent with modern 
absorption coefficients for X-ray energies in the range 
25-45 keV. The relative absorption coefficient for 


platinum, however, is 45% greater than that for lead 
and this, at first sight, appears to be anomalous. The 
reason probably hes in the occurrence of critical 
absorption edges in the photoelectric absorption spectra 
of lead and platinum, as shown in Fig. 1. In the “L” 
region between 10 keV and 16 keV, the average 
absorption coefficient for platinum is indeed about 45% 
greater than that for lead, but very little radiation of 
this energy would penetrate the wall of the X-ray tube 
compared with that necessary to obtain a radiograph of 
the hand. By itself, the L-effect would not be likely to 
alter greatly the ratio of the average lead and platinum 
absorption coefficients. On the other hand, in the 
energy region between the K edges of platinum and 
lead, at 78.4 keV and 88.0 keV, the platinum photo- 
electric absorption coefficient is 4.3 times that for lead. 
If scatter is included, the total absorption coefficient for 
platinum is 3.8 times the lead value, but the extent to 
which scatter affected. Roentgen's experiment is not 
known. If 15% of the X-ray energy spectrum lay in the 
region between platinum and lead K edges, the average 
photoelectric coefficient for platinum would be 40% 
greater than that for lead. Whether such conditions held 
in Roentgen’s experiment can only be conjectured; for 
example, a plausible, lightly filtered, 100 kVp beam 
could have about 10% of its spectrum in the critical- 
energy band, but we do not know if Roentgen's "fairly 
large Ruhmkorff induction coil" could generate 
potentials of 100 kVp or more, though induction coils 
of this capability were available at that time. Neverthe- 
less, it seems possible that some part of the X-ray 
spectrum used by Roentgen lay above the platinum K 





TABLE I 

ROENTGEN'S MEASUREMENTS OF X-RAY TRANSMISSION IN METALS 
Roentgen's original table Thickness Reciprocal 
—— M————— x density cn’ g^! 
Thickness Relative Density (g/cm ^ ?) 

thickness 
PrOo0i8 mm | 214.5 0.0387 25.8 
Pb 0.05 mm 3 E EK 0.0565 17.7 
Zn0.10mm 6 7| 0.071 14.1 
AliSmm 200 2.6 0.91 1.10 
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absorption edge and this is the most likely explanation 
of his finding the platinum absorption to be greater than 
that of lead 


Roentgen was a very careful experimenter and unlikely 
to be mistaken in this observation; nor was he likely to 
have used very impure materials. Lead might be 
suspected most of impurity, being at times alloyed with 
such metals as tin, antimony or bismuth, but these 
would be unlikely to lower the absorption coefficient 
sufficiently below that of platinum; bismuth is close to 
lead in the atomic scale and tin and antimony have 
absorption edges just above 30 keV, and actually 
exceed lead in absorption until energies of 88 keV are 
reached. Below 30 keV tin and antimony absorb much 
less than lead, but large contaminations, of some 
30-40%, are needed to reduce the average mass 
absorption coefficient of lead to a value as low as 7094 
of that of platinum. 

In the light of these considerations it 1s understand- 
able that, in terms of X-ray transmission, Roentgen did 
not find his metals go in rank order with the known 
atomic scale. It could well be because of this "anomaly" 
that Roentgen, the cautious scientist, held back from 
any comment on a possible relationship between X-ray 
absorption and atomic weight. It is also an intriguing 
thought that Roentgen’s first careful observations of X- 
ray transmission foreshadowed those later profound 
discoveries of the X-ray photoelectric effect and 
Moseley’s law. 
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ABSTRACT 

The linear-quadratic (LQ) dose-effect equation has been 
shown to be capable of providing a number of new inmghts 
into chnswal radiotherapy. However, even in the most 
straightforward application of the formalism, e. to fraction- 
ated radiotherapy, the level of mathematics required to solve 
the associated equations could be a significant barrier to the 
wider application of the LQ method. In this peper it 1s shown 
that a wide range of problems arising in fractionated 
radiotherapy are capable of being analysed with the aid of ons 
basic graph It us further demonstrated that the extrapolated 
response dose, which forms the conceptual fulcrum of the LQ 
method, t an additive quantity, and that the analysis of 
treatments involving several component parts can be amplified 
by using this property. The main features of these 
simplifications are demonstrated using some representative 
worked examples 


A number of recent papers have drawn attention to the 
potential value of the linear-quadratic (LQ) model as an 
aid 1n solving clinical radiotherapy problems involving 
changes in treatment regimes (eg. Barendsen, 1982; 
Fowler, 1984a; Dale, 1985, 1986a, b). In principle, all 
treatments can be assessed in terms of total dose (TD), 
extrapolated response dose (ERD) and relative 
efficiency per unit dose (RE), the relationship between 
these three parameters being: 


ERD = TD x RE (1) 


The concepts of ERD and RE may be defined for any 
type of regime, and their applications have been 
discussed in previous papers (Barendsen, 1982, Dale, 
1985; O’Donoghue, 1986) This communication con- 
fines itself to the case of fractionated treatments where 
the fractions are spaced sufficiently apart to allow full 
recovery of sublethal damage. 

For a conventional fractionation regime: 


RE = 14+ Dy/(aJf)) (2) 
where the selected a/f ratio is that characteristic of the 
radiation effect under consideration, and where Dy is 
the dose/fraction required in N fractions. Dy is related 
to TD by: 

TD = Nx Dy (3) 


It should be noted that there 1s no unique value of 
ERD for any given regime; there will be a number of 
ERD values, each one related to the various observed 
radiation responses arising as a result of the particular 


treatment details, for example, fractionation, irradiation 
volume and so on. In employing the LQ equations, the 
basic requirement is to determine the ERD for a 
specified effect due to a given regime, and subsequently 
to find other combinations of dose/fraction and total 
dose which will produce a similar effect; that 1s, at some 
stage we need to find the value of D, which satisfies the 
equation: 


NDy|[1 + Dy/(a/ff)) = ERD (4) 


Equation (4), which is obtained by combining Equa- 
tions (1}{3), is quadratic in form and, discarding the 
negative root, leads to a value of D, given by: 


2 E = 
Dy = VP) E RD/N — (a/p) (5) 


In everyday applications, regular use of Equation (5) 
may prove tedious, but problem solving can be made 
much simpler by adopting a graphical technique. If, for 
selected values of a/f, Dy 18 plotted against ERD/N, 
curves of the type shown in Figs lA and lB are 
obtained. Although all of the curves may be plotted on 
one graph, it will be found easier and more accurate to 
use an expanded scale for small values of ERD/N, as is 
used in Fig. l4. Taken together, these curves may be 
used for solving the majority of clinically based 
problems involving changes in fractionation. 

Some worked examples will indicate more clearly 
how graphical solutions may be found The crucial 
importance of selecting appropriate a/f values has been 
discussed elsewhere and will be returned to later in this 
communication. The hypothetical problems posed here 
are chosen to illustrate how the proposed method may 
be applied in practice: the a/f values used should be 
seen as being broadly representative of the particular 
effects under discussion, rather than definitive values. 


Example 1 

An existing treatment regime delivers 60 Gy in 30 
fractions. Assuming that late tissue effects are con- 
sidered to be the limiting factor, and that such effects 
are characterised by an a/B ratio of 2.5 Gy, what 
dose/fraction should be employed if 20 fractions are 
used instead? For the standard regime, 
Dy = 60/30 = 2 Gy/fraction. In Fig. la it is seen that, 
for «/B = 2.5 Gy, a D, of 2 Gy/fraction corresponds to 
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(a) Values of D, versus ERD/N. (ERD/N in the range 0—6 Gy.) (B) Values of D, versus ERD/N. (ERD/N in the range 5-20 Gy.) 


an ERD/N value of 3.6 Gy. Since N is specified to be 30 
fractions, 
ERD = 30x 3.6 = 108 Gy 


To give the same ERD in 20 fractions, the new value of 
ERD/N to use is 108/20 = 5.4 Gy. Referring in Fig. lA 
to the curve for ajf =2.5 Gy, we find that the 
corresponding dose/fraction is 2.64 Gy. Thus, the 
regime for equivalent late effects on the specified tissues 
is 20 x 2.64 = 52.8 Gy in 20 fractions. 

If now we wish to assess the effect of this change in 
fractionation on, say, the tumour, we can use the 
graphs with an appropriate tumour a/f value. Let us 
assume that a/f = 12 Gy is representative in this case. 
The ERD for the tumour must be determined first, as it 
will not be the same as for the late tissue effects. 

From Fig. 14, for the standard regime (D, » 2 Gy), 


ERD/N = 2.33 Gy 


Le. 
ERD = 2.33 x 30 = 69.9 Gy 


To give the same ERD to the tumour in 20 fractions 
requires that ERD/N = 69.9/20 = 3.5 Gy. Referring 
again to Fig. la for a/f = 12 Gy, we find that the 
corresponding dose/fraction 1s 2.83 Gy. 

Therefore, the regime for equivalent tumour effecta is 
20 x 2.83 Gy = 56.6 Gy in 20 fractions. The dose/frac- 
tion required is greater than that for equivalent late 
tissue effects (2.62 Gy/fraction). 

This example illustrates how, when the number of 
fractions is reduced, effects on tissues with relatively 
high a/f ratios can only be maintained at the expense of 
extra damage to tissues with lower a/f ratios, i.e. late- 


Example 2 
An established treatment consists of 25x 225 Gy 
fractions. Acute-responding tissue reactions (assumed 
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a/B ratio= 10 Gy) are found acceptable with this 
regime. It is required to produce the same acute 
response in a complete course of treatment with a 
dose/fraction of 1.75 Gy. How many fractions should 
be given? 

From Fig. la, with Dy = 2.25 and a/f = 10 Gy, 
ERD/N = 2.75 Gy. Therefore, 


ERD = 2.75 x 25 = 68.8 Gy. 


With a Dy value of 1.75 Gy/fraction, the corresponding 
value of ERD/N is 2.05 Gy. Therefore, 


N = ERD/2.05 = 68.8/2.05 = 34 fractions 


ie. the regime for equivalent. early effects on the 
specified tissues is 34 fractions x 1.75 = 59.5 Gy. 

To assess the effects of this change in fractionation on 
late-reacting tissues, we can repeat the procedure with 
an x/B ratio of 2.5 Gy. 

For the established 
Therefore, 


treatment, Dy = 2.25 Gy. 


ERD/N = 4.28 Gy 
i.e. 


ERD = 428 x25 = 107 Gy 


At a dose/fraction of 1.75 Gy, the value of ERD/N 
which would be required for similar late effects is 
2.95 Gy, i.e. 


number of fractions = 107/2.95 = 36 


Therefore, in this case, the regime for equivalent /ate 
effects is 36 fractions x 1.75 Gy = 63 Gy, ie. the 
number of fractions required for equivalent late effects 
is greater than that required (34) for equivalent early 
effects. 

This example indicates how, when dose/fraction is 
reduced, if radiation effects on tissues with relatively 
high z/f are maintained then effects on tissues with 
lower x/f are reduced. 


ADDITIVITY OF ERD AND Irs Use iN Mixep MODALITY 
TREATMENTS 

A problem arises when a treatment is unable to run 
its prescribed course on account of various extraneous 
factors, and either dose/fraction or number of fractions 
has to be changed. A useful property of the LQ 
formalism which may be used in such cases is the 
additivity of the components which make up the total 
ERD in a regime. If a treatment needs to be changed 
for any reason, the partial ERD already delivered may 
be calculated, and the remaining ERD “to give” used to 
determine the remainder of the treatment. Since ERD 
values can be defined for any constituent part of a 
complete treatment regime, this additive property can 
be used in more complex problems, such as combina- 
tion of external beam and intracavitary therapy. 
Barendsen (1982) assumed (without formal proof) the 
additivity of fractions of ERD in his work and applied 
the property to some treatment examples. By using the 
basic LQ definitions of radiation damage it is possible 


to establish a proof of ERD additivity which is true for 
any type or combination of treatment. The sequence of 
logical steps leading to the proof is dealt with separately 
in the Appendix. 

Some more examples will aid in understanding the 
application of this concept. (In these examples the 
method will be demonstrated for just one a/f ratio in 
each case. The full assessment of the efficacy of the 
treatments involves examining other «/f values, as 
previously indicated.) 


Example 3 

A patient is prescribed a standard regime of 60 Gy/30 
fractions. After 10 fractions it is decided to give the 
remaining treatment in 12 fractions. What dose/fraction 
must be employed, assuming that late tissue effects 
(xi = 2.5 Gy) are considered to be the limiting factor? 

The ERD for the standard regime has already been 
calculated (Example 1) and found to be 108 Gy. After 
10 fractions, 10/30 = 1/3 of the required ERD has been 
delivered, therefore, the partial ERD yet to be given is 
2/3 x 108 = 72 Gy. This is to be delivered in 12 
fractions, ie. ERD/N = 72/12 =6 Gy. Using Fig. 
IB, we find that this value of ERD/N is obtained, for 
effects characterised by an x/fl of 2.5 Gy, by using a 
dose/fraction of 2.8 Gy. 

Therefore, the remaining regime is 12 x 2.8 — 33.6 Gy 
in 12 fractions. 


Example 4 

A particular treatment for carcinoma cervix consists 
of four high dose-rate intracavitary treatments inter- 
spersed with 12 external beam fractions. The average 
doses to the rectum from the two modalities are 
4x6 Gy and 12x 1.7 Gy, respectively. If two of the 
intracavitary regimes have to be omitted, what are the 
possible adjustments that can be made to the external 
regime, assuming in this case that an equivalent acute 
epithelial response is required? 

Assume that the characteristic «a/f value for such 
effects is 10 Gy, and let the suffixes "cav" and "ext" 
refer to the intracavitary and external beam treatment, 
respectively. For the prescribed intracavitary regime, 
Dy = 6 Gy, therefore, 


ERD,A,/N = 9.6 Gy (Fig. 1B) 
Since N = 4, 
ERD... = 4x 9.6 = 384 Gy 


For the external beam regime, Dy = 1.7 Gy, therefore 
ERD,,/N = 2.0 Gy. Since N— 12 in this case, 
ERD,, = 12x2 = 24 Gy (Fig. IB) Therefore, the 


prescribed regime would deliver a total ERD of: 
38.4 +24 = 62.4 Gy. 


If now only two of the intracavitary treatments are 
given, ERD,,, falls to half of the intended value (i.e. to 
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19.2 Gy); therefore, the new value of ERD,,, “to give" 
is: 


62.4—19.2 = 43.2 Gy 


Appropriate regimes are found by dividing 43 2 by the 
number of fractions to be given, and finding the new 
value of D, via the graph. Examples are: 


12 fractions x 2.82 Gy = 33.8 Gy 
18 fractions x 2 Gy = 36 Gy 

24 fractions x 1.55 Gy = 37.2 Gy 

30 fractions x 1.27 Gy = 38.1 Gy 


As is demonstrated in this case, the graphical method 
enables a number of alternatives to be established very 
quickly without recourse to equation solving. 


CAUTIONS TO BE OBSERVED IN APPLYING THE METHOD 

In common with other models which are applicable 
to clinical problem solving, the LQ model is only 
capable of providing realistic guidelines if its limitations 
and potential pitfalls are clearly identified. A wider 
discussion on these aspects has appeared elsewhere (e.g. 
Dale 1985, 1986b), but in relation to the use of the 
particular system described here for solving fractiona- 
tion problems, the following points should be 
remembered. 

(a) The unit of dose/fraction, a/f and ERD used in 
the graphs is the gray (Gy). It is necessary that there is 
complete conformity of all dose units in using the 
method, therefore all fractionation details must be 
expressed in grays before reading the graphs. 

(b) Specific values of a/f are not yet available for all 
tissue effects. General predictions are to hand, however 
(e.g. Fowler, 1984a; Williams et al, 1985), and indicate 
that: 


(1) acute epithelial reactions tend to be characterised by 
a/B values in the range 8-13 Gy, with an average of 
around 10 Gy; 

(2) late tissue reactions tend to be characterised by «/B 
values in the range 2—6 Gy, but the spread of values 
may extend outside this range; 

(3) tumour responses tend to be characterised by a/f 
values in the range 10-25 Gy. 


The particular feature of the LQ model is that it enables 
the effect of altered fractionation to be examined for 
each of the radiation responses which are usually 
considered to be of greatest concern, Le. those listed 
above. However, precise evaluations require precise 
knowledge of the parameters involved, and these may 
not be available In such cases, the model 1s still capable 
of making broad predictions, for example, of changes in 
therapeutic ratio, provided prudently selected a/f ratios 
are used. 

In general, in order to obtain a balanced view of the 
effects of changed fractionation, it is necessary to 
perform the LQ analysis for at least two values of a/f, 
these being those which are deemed to be most 
representative for the particular case under considera- 


tion. It will be noted that both tumour and early- 
reacting normal effects are generally represented by a 
relatively high ratio, while late-reacting effects are 
generally best represented by a relatively low a/B. Two 
representative. values (say 10 Gy and 2.5 Gy, res- 
pectively, as used in the examples above) would, 
therefore, enable an assessment to be made of likely 
changes 1n therapeutic ratio. 

(c) The basic LQ model does not include any 
allowance for the possible effects of altered cell 
proliferation resulting from changes in fractionation 
schedules. In cases where the changes in overall time 
between regimes is not too great, it is probably in order 
to assume that such effects are of small significance. 
Where considerable extensions (or contractions) of 
treatment time are involved this may not be the case, 
and some consideration must be given to the likely 
influence of increased (or reduced) proliferation (e.g. 
Thames etal, 1983; Fowler, 1984b; Thames, 1984; 
Dale, 1986b). 


DISCUSSION 

A simple graphical method for applying the LQ 
formalism to specific problems ansing in fractionated 
radiotherapy has been evolved. The technique is easily 
mastered and does away with the need to solve 
quadratic equations routinely. In simplifyi the 
application of the system it 1s to be hoped that the 
broader potential of the LQ method, particularly in 
such areas as assessment of changes in therapeutic ratio, 
will be made more accessible to clinicians. 

In this paper the emphasis has been on discussing 
conventional fractionated regimes, since it is only for 
these that it is possible to use the graphical technique. 
For other treatment types the RE equations are more 
complex, and similar simplifications in applying the LQ 
method are not possible in these cases. However, 
because ERD can be defined for any regime, 
fractionated or otherwise, and because ERD is an 
additive quantity, it is possible to analyse mixed- 
modality treatments (such as protracted intracavitary 
treatments supplemented with high dose-rate external 
beam therapy) in greater detail than previously, simply 
by examining the component parts of the ERD. 

Whether or not the LQ formalism is ultimately 
capable of being as widely used as the CRE/TDF-type 
models (Kirk etal, 1971; Orton & Ellis, 1973) in 
practical usage remains to be seen, but there can be no 
doubt that the newer approach enables a more 
quantitative view to be taken of the consequences of 
treatment changes on different radiation effects. This is 
because the LQ method fully incorporates broadly 
recognised and quantified differences in radiation 
response between critical tissues, in the form of the a/f 
ratio. 

The extended model discussed in previous publica- 
tions, which relates to various forms of protracted 
treatments (Thames et al, 1984; Dale, 1985), or to 
treatments involving multiple fractions per day 
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(Thames, 1985; Dale, 1986b), incorporates only one 
other parameter, i.e. u, the repair half-life of sublethal 
injury. The complete LQ formulation is, therefore, self- 
consistent in analytical terms and does not require, as 
do some of the earlier models, the introduction of 
arbitrary constants or normalising factors in order to be 
of general applicability. This could well be the crucial 
strength of the LQ model, because any tests applied to 
it will essentially check the validity of the assumed 
underlying dose-response model, as there are no other 
factors introduced simply for the purpose of providing 
better agreement with clinical data. 
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APPENDIX 

Suppose a standard treatment regime has, for a given level 
of effect on a specified tissue, an associated extrapolated 
response dose of ERD,. Suppose now that N separate regimes 
are to be given with a view to producing the same combined 
effect on this same tissue. 

Since the effects are to be the same, the lethal (ie. 
irreparable) damage produced in the standard treatment must 
be equalled by the sum of the individual irreparable damage 
components in the N individual regimes. 

Let A, and B, be, respectively, the Type A and Type B 
damage produced in the standard regime. Definitions of these 
two principal types of lethal damage are given by Dale (1985). 
The definitions themselves are based on the assumption of 
Chadwick and Leenhouts (1973) that lethal damage is due 
either to simultaneous "hits" on each of two critical targets 
(the x component), or due to a lethal combination of the 
damage inflicted in two separate "hits" (the f component). 
These are irreparable components, therefore, 


total damage = A, + B, 


For the N individual regimes (designated by suffixes | to M to 
produce the same damage: 


A +B, — A, +B, +A,+B,+ 
For the standard regime. where a total dose TD, is given, 
ERD, = TD, x RE, (ii) 


oos ck dy By (1) 


and 
RE, = 1 - (B,/ A4) (11) 


Equation (iii) follows from the basic equation for finding RE 
from Type A and Type B damage (Dale, 1985). 
For any component regime, i, the relationships are: 


ERD, = TD,x RE, (iv) 
and 
RE, = | HBAJ (v) 


Therefore, combining the above equations, we have: 








TD, [ (ERD, x 4,) (ERD, x Ay) 
E R D, -— Da S MDC NET D RIEN AT 
| | zl TD, ` TD, | 
1.8. 
(Ax ERD) (4, x ERD,) | (A, x ERDy) 
TD, TD; TD, 


But, as Type A damage is always directly proportional to 
the total dose delivered, irrespective of the manner in which 
the dose is given, then: 


A, = «TD, A, = aTD,; etc. 
Therefore: 
Le. xERD, = ERD, - 4ERD; + ... - 4ERD, 
ERD, = ERD,+ERD,+...+ERD, (vi) 


Equation (vi): shows the additive property of ERD, and is 
true for all types of treatment, not merely fractionated 
radiotherapy. 
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Atlas of Two-Dimensional Echocardiography in Congenital 
Cardiac Defects. By G. J van Mill, A J. Moulaert and 
E Harinck, pp 143, 1986 (Martinus Nyhoff, The Nether- 
lands), £26.50. 

ISBN 0—89838—783—3 

Two-dimensional, or more correctly cross-sectional, echo- 
cardiography has advanced the diagnoms of congenital heart 
disease dramatically over the last few years. I had hoped, 
therefore, that van Mill and his colleagues in thar new 
textbook would have provided up-to-date knowledge m this 
field Unfortunately, I was rather disappointed. 

The book is a collection of cases collected over 2 years and is 
not meant to be comprehensive [t 1s divided into 14 chapters, 
with a good explanatory introduction followed by a concise 
guide to the anatomy of the normal heart The remainmg 
chapters on abnormal hearts, however, lack any subject depth 
and are variable m quality There is a consderable amount of 
contrast echocardiography, which, while still valuable, has 
only a limited role to play since the introduction of Doppler 
ultrasound The unpact of Doppler studies is hardly 
mentioned An example of where this 1s most inappropriate 
occurs in the chapter on pulmonary stenosis The authors 
assess the degree of stenosis by the anatomical abnormality of 
the valve and the degree of nght ventncular hypertrophy (both 
unreliable) without any mention of continuous-wave Doppler 
There are several other criticisms There is no quantification in 
the book, there are several omissions, for example Ebstein's 
anomaly, straddling atnoventricular valves, endomyocardial 
fibrosis, and there is no index. My copy had Fig. 5.8 on page 
78 pnnted the wrong way round. I would also suspect the 
book took a long time to produce, as the latest reference 
included is from 1982, with most dating from 1974 to 1980. 
Since a large amount of work on the cross-sectional 
appearances of congenital heart disease has been published 
since 1982, the edition i$ somewhat out-dated It fails to 
provide enough examples or information for the beginner and 
18 not sufficiently advanced for those expenenced in the field. 

I feel this book, therefore, has limited value. 

J. WER 


Pediatric Ultrasonography. Ed. by Gabriel Kalfa, pp. 241, 
1986 (Springer-Verlag, Berlin), DM 148. 
ISBN 3-540-13085-3 (Berlin) 

0-387-13085-3 (New York) 
I was pleased to be grven the opportunity to review Dr Kalifa’s 
book. I already had a copy in the department and even though 
it 15 only 6 months old, ıt 1s one of the most thumbed books on 
the shelves. Gabriel Kalfa and his co-authors present ther 
collective expenence of the role of ultrasound in paecdiatnc 
radiology In his preface, Dr Kalifa claims that the purpose 
was not to produce an exhaustive text but this book, though 
small, us indeed a very comprehensive review of the subject, the 
only omissions being echocardiography, which is deliberate, 
and hip ultrasound, which is so recent an advance that the 
book must have been in publication before it became standard 
practice. 

The text ıs divided into 13 chapters, which deal with an 
anatomical ares, ¢.g., chest or a system such as the renal tract 
The first chapter is on antenatal diagnosis There us a brief, 
sound, practical comment at the end of the chapter on the 
implications of an antenatal diagnosis of feta! abnormality 
The authors of the indrvidual chapters present their practical 
expenence and often include an analysis of their case material 
so that 1t 1s casy to assess the relative frequency of conditions. 
All chapters are well referenced and the index is good. The 
illustrations are clear and abundant, and the only minor 
criticism is that many are of B scans and not of modern real- 
time images Most of the images in the section on head 
ultrasonography are black on white, while the rest of the 
images are the more conventional white on black, to which 
most readers are accustomed This unfamiliar presentation 
causes some initial difficulty in interpretation These are very 
minor criticisms and do not detract from a splendid book | 
read it with enthusiasm and can whole-heartedly recommend it 
to any department carrying out pacdiatre ultrasound 
examinations. 

HELEN CARTY 
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Peritonitis mimicking mechanical duodenal obstruction in an infant 


By M. A. Sargent, B.Sc., M.R.C.P. (U.K.) 


Department of Diagnostic Radiology, Stopford Medical School, Manchester M13 9PT 


(Received February 1986) 


Bilious vomiting is a common symptom of systemic 
disease in infancy but it is also the cardinal symptom of 
mechanical duodenal obstruction. Paralyuc or 
adynamic ileus in the adult may reproduce the 
radiological signs of duodenal obstruction, but such an 
event in childhood has not been described in the 
radiological literature. The case of an infant in whom 
bilious vomiting due to primary peritonitis led to the 
erroneous radiological diagnosis of mechanical obstruc- 
tion of the duodenum with volvulus is described. 


Case REPORT 

A nine-week-old boy presented with a 6-day history of 
swelling of the left leg and groin. There was no pyrexia and he 
was not systemically unwell, but dilated superficial veins were 
noted over the oedematous groin and lower abdominal wall. 
The clinical features and associated neutrophil leucocytosis led 
to a diagnosis of femoral venous thrombosis secondary to 
infection, although no causative organism was identified 
Accordingly. intravenous antibiotic therapy was commenced 
He remained quite well until 3 days later, when there was 
sudden clinical deterioration with bilious vomiting. and 
abdominal distension. A “septic screen” including cerebro- 
spinal fluid and urine culture again showed no new evidence of 
Infection 

Plain abdominal radiography showed only non-specific 
abnormality with a general paucity of intestinal gas and 
isolated bowel loops. A barium meal study revealed dilatation 
of the proximal duodenum with abrupt transition to normal in 
the third part (Fig. |), On fluoroscopy, to-and-fro peristaltic 
movements between the dilated duodenal segment and the 
stomach were observed. The duodeno-jejunal flexure lay in the 
appropriate position to the left of the midline 

A pre-operative diagnosis of partial duodenal obstruction 
with midgut volvulus was reached and the child underwent 
urgent surgery. Laparotomy, however, revealed no evidence of 
intrinsic or extrinsic mechanical duodenal obstruction, nor of 
volvulus. Instead, there was a generalised staphylococcal 
peritonitis secondary to intraperitoneal rupture of a left-sided 
pelvic abscess. After peritoneal lavage the abdomen was closed 
and the patient made an uneventful recovery, continuing the 
pre-operative antibiotic regimen. Investigation identified no 
other site of infection 


DISCUSSION 

Both of the terms “duodenal obstruction” and 
“duodenal ileus” have been employed synonymously to 
describe a syndrome characterised by bilious vomiting 
and duodenal dilatation (Hearn, 1966). In adult 
practice, the syndrome has been shown to exhibit 
similar appearances on contrast radiology with both 
mechnical and non-mechanical aetiologies. To establish 
the diagnosis, it is not necessary to demonstrate 


complete duodenal obstruction, and distal gas or 
contrast agent may be observed (Anderson et al, 1982). 
Since the symptoms of duodenal obstruction may be 
intermittent, and the radiological signs transient, the 
upper gastrointestinal study is best performed in the 
symptomatic patient under close fluoroscopic control 
(Bitner, 1958; Poznanski, 1976). Diagnostic features 
include duodenal dilatation going on to gastric 
distension, abrupt change in duodenal calibre, often 
with a vertical linear zone of transition, and visible to- 
and-fro ("reverse") peristalsis (Hearn, 1966) 

Thus, the radiological signs elicited in our case were 
clearly consistent with a diagnosis of duodenal 
obstruction. The usual gamut of causes of duodenal 
obstruction in childhood is confined to mechanical 
lesions, of which congenital anomalies form the greater 
part (Koo-Sang etal, 1982). Intrinsic congenital 
duodenal abnormalities are more frequent than extrin- 
sic, 90% present in the first day of life, and the great 
majority are confirmed radiologically on the plain- 
radiographic demonstration. of the duodenal "double 
bubble" (Salonen, 1978). Extrinsic congenital duodenal 
obstruction tends to present later. although 75% are 
still diagnosed in the first 2 months. In these patients, 





FiG. ! 


Radiograph taken during a barium meal showing proximal 
duodenal dilatation with a narrow transition zone. 
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an upper gastrointestinal series is usually required to 
establish the diagnosis (Salonen, 1978). 

Peritoneal bands with or without intestinal rotation 
anomalies comprise the majority of the causes of 
extrinsic duodenal obstruction in children (Wayne & 
Burrington, 1973). The radiological signs of these 
extrinsic duodenal lesions include partial duodenal 
obstruction, abnormal position of the duodeno-jejunal 
flexure and abnormal position of proximal jejunal 
loops While any one of these signs alone is sufficient to 
suggest the presence of malrotation, the diagnosis is all 
too seldom made before surgery (Simpson et al, 1972). 

Midgut volvulus is the most feared complication of 
malrotation, and may be clinically silent. A patho- 
gnomic spiral of contrast agent may be seen on contrast 
study in small-bowel volvulus, but more often only the 
signs of extrinsic duodenal obstruction can be found. 
No diagnostic features of volvulus are recognised on 
plain abdominal radiographic series, but paucity of 
abdominal gas in the appropriate clinical setting is 
regarded as highly suspicious (Simpson et al, 1972). In 
view of the non-specificity of the signs of midgut 
volvulus, the demonstration of incomplete duodenal 
obstruction is taken as an indication to proceed to early 
surgery to exclude potentially fatal and unrecognised 
volvulus. 

Thus, in the present case, there were clinical signs of 
an acute abdomen, with radiological evidence of 
duodenal obstruction and also plain-radiographic 
abnormalities These features led to the diagnosis of 
midgut volvulus which was not confirmed at surgery. 
Since no obstructing lesion was identified, ileus was 
implicated in the pathogenesis of the duodenal 
obstruction. 

Adynamuc ileus due to inflammatory conditions such 
ag peptic ulceration and acute pancreatitis is a 
reco cause of duodenal obstruction in adults 
(Cimmino, 1961) Simon and Lerner (1962), however, 
postulated that the phenomenon could be explained by 
oedema of the root of the mesentery While generalised 
intestinal ileus, sometimes mumicking a surgical 
emergency, is well known to occur in systemic illness in 
the neonate (Dunn, 1963; Ueda et al, 1968), duodenal 
obstruction due to paralytic ileus in children is not 
described in the radiological literature. 

Raffensperger etal (1961) reported two cases of 
erroneous barium-meal diagnosis of gastric outlet 
obstruction in neonates vomiting because of other 
systemic disorders. In a third instance, mechanical 
duodenal obstruction was falsely suggested by an air 


contrast study in an infant suffering from maternal 
heroin withdrawal Of these three patients, two went on 
to have needless surgery. Fortunately, the erroneous 
diagnosis in our patient did not adversely affect the 
management. The possibility of a functional ieus 
mimicking mechanical duodenal obstruction in the child 
should be considered before arriving at a diagnosis that 
will commit the patient to surgery. 
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Imaging of a case of sclerosing panniculitis 


By J. Stack, M.R.C.P.I., F.F.R. (R.C.S.1.), 'S. J. Heffernan, F.R.C.S.I., tP. Dervan, M.D., M.Sc., 
M.R.C.Path. and tJ. T. Ennis, M.D., F.R.C.P.I., F.R.C.R. 


Institute of Radiological Science, ' Department of Surgery, tDepartment of Pathology, Mater Misercordiae 
Hospital, Dublin 7, Republic of Ireland 


( Received February 1986 and in revised form May 1986) 


Sclerosing panniculitis is an idiopathic inflammatory 
condition occurring most commonly in the adipose 
tissue of the mesentery. It is characterised by 
inflammation and fibrosis usually resulting in a tumour- 
like mass. Both of the components may be the 
expression of different stages of their reparative process 
(Reske & Namiki, 1975) and although limited to the 
mesentery of the small bowel, one case of primary 
omental involvement has been reported (Durst et al, 
1977). 

The pathogenesis and epidemiology of sclerosing 
panniculitis is unknown but previous abdominal 
surgery and associated intra-abdominal disease are 
thought to be involved in the development of the non- Fic. | 
specific, inflammatory reaction of the fatty tissue, "nu n 
resulting in sclerosis (Durst et al. 1977). A CT section midabdomen demonstrating the mass (M) with 
: loss of interface between ascending colon (C), small bowel and 

anterior abdominal wall. 





Sclerosing panniculitis may occur in other sites when 
associated with systemic diseases, such as Weber- 
Christian disease (Handelsman & Shelley, 1965). 
However, 60% of cases are confined to the abdomen 
where it is a rare cause of an abdominal mass; we now 
report a second case of exclusive omental involvement. 


CASE REPORT 

A 60-year-old woman complaining of abdominal pain, 
anorexia and general malaise was admitted to hospital. At 
examination the patient was mildly pyrexial, with an ill-defined, 
central, slightly tender abdominal mass. There were no other 
relevant clinical features. Laboratory tests revealed normal 
haematological and biochemical findings with a white cell 
count of 11.5 x 10° and an erythrocyte sedimentation rate of 
25mm h 


Radiological findings 

A plain abdominal radiograph and barium enema were 
normal, A CT examination demonstrated a large mass 
measuring approximately 18 cm x 7 cm, lying anteriorly and 
obliterating the interface between the ascending colon, small 
bowel and anterior abdominal wall (Fig. 1). The soft-tissue 
mass was heterogeneous with ill-defined regions containing 
material of fat density. Following intravenous contrast 
medium injection, there was minimal edge enhancement. The 
findings were considered to be consistent with either an 
inflammatory mass or an extensive mesenteric or omental 
neoplasm 

An indium-11] tropolone scan was performed using a 
standardised technique (Thakur et al, 1977) in which scans 











" 4 > ^" 
were obtained at 2, 4 and 24 h after the injection of indium-11 1 Fic. 2 
z — Indium-11] tropolone scan at 24h after injection showing 
£Author for reprint requests focal uptake (arrow) 
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FiG. 3. 
Resected omental mass (OM) and ascending colon (AC). 


tropolone leucocytes. At 2h, a localised region of increased 
uptake was noted in the right mid-abdomen which intensified 
and became very localised at 24 h (Fig. 2). Needle aspiration at 
the site of maximum uptake was attempted, but no pus was 
obtained. 

At laparotomy a large, firm, fibro-fatty omental mass peeled 
off the anterior abdominal wall but was adherent to the 
mesentery and ascending colon. The mass was mobilised and 
resected complete with the ascending colon (Fig. 3). The 
peritoneum was firmly adherent to the involved mesentery and 
could not be stripped off. The patient made an uneventful 
recovery and was discharged well. 

Pathological examination of the resected specimen revealed 
an I8 cm x 10 cm x 6 cm firm white mass infiltrating the serosa 
and muscularis propria of the ascending colon extending into 
the omentum. The mucosa was entirely normal and there were 
no diverticula present. Microscopic examination showed that 
the mass was composed of inflammatory cells and dense, 
collagenous tissue. There was no evidence of abscess formation 
and no granuloma was identified (Fig. 4). 





FIG. 4. 
Omentum showing a bundle of fibrous tissue with a mixed 


inflammatory infiltrate dissecting fatty lobules 
(haematoxylin and eosin x 28). A = adipose tissue. 


(arrows) 


DISCUSSION 

The pre-operative diagnosis of primary solid masses 
of the mesentery or omentum is difficult as clinical and 
pathological findings are frequently non-specific. The 
pre-operative diagnosis of sclerosing panniculitis is 
rarely possible (Reske & Namiki, 1975). Although 15% 
of patients may present with a leucocytosis, haemato- 
logical and laboratory investigations are not helpful in 
the diagnosis (Ogden et al, 1965). 

Plain radiographs of the abdomen are of limited 
value and in only a minority of patients in whom the 
abdominal mass has displaced the bowel or given rise to 
partial intestinal obstruction (Ogden et al, 1965). The 
most useful diagnostic aids before CT scanning were 
gastrointestinal barium studies but these, too, were non- 
specific, simply showing either partial obstruction or 
displacement of bowel loops in approximately one-third 
of patients (Durst et al, 1977). 

Computed tomography accurately shows the site, size 


and extent of the mass and, as in this case, any 
involvement of neighbouring structures. It fails, 
however, to differentiate between neoplastic and 


inflammatory masses, and several conditions have 
similar, non-specific CT features, making differentiation 
of sclerosing panniculitis difficult. 

The fibromatosis, if localised, may present as an 
abdominal mass. The more important of this diverse 
group of infiltrating fibroblastic proliferative disorders 
is the musculo-aponeurotic fibromatosis or desmoid 
tumours which can occur on the anterior abdominal 
wall (Sacks et al, 1978). However, this tumour contains 
no fat and is readily distinguishable on CT. Similarly, 
the mesenteric or omental desmoids associated with 
Gardner's syndrome also consist of well differentiated 
fibroblasts of uniform size. Inflammatory infiltration is 
not a feature (Mackenzie, 1972). 

Neoplasms associated with diffuse desmoplastic 
changes, such as carcinoid tumours, abdominal 
lymphoma or carcinomatosis, may produce mesenteric 
or omental masses which may be difficult to 
differentiate from fatty mesenteric tumours. Angio- 
myelolipomas and teratomas may be suggested on the 
basis of their extraperitoneal site and, in the case of 
teratoma, by the presence of cysts or calcified material 
within the lesion. Other lipomatous tumours, such as 
the liposarcoma, are usually large, of non-uniform 
density, with randomly distributed fatty elements which 
may resemble sclerosing panniculitis, but, unlike 
panniculitis, most liposarcomas are sharply defined, 
being separated from adjacent structures by distinct 
cleavage planes (Waligore et al, 1981). 

In sclerosing panniculitis, the pathological process 
involves the mesenteric or, as in this case, omental fat. 
The various descriptive terms used to characterise this 
process stem from histological differences emphasised 
by various authors (De Castro et al, 1967). Aach et al 
(1968) described the presence of lipid-laden macro- 
phages and round-cell infiltrates distributed in broad 
bands, ie. a dominantly inflammatory process 
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characterised by cellular infiltration. The term 
"retractile mesenteric sclerosis" is generally reserved for 
those with a more chronic course, complicated by 
fibrosis and retraction. Histologically, our case falls into 
the subacute group of cellular infiltration, which 
explains the uptake of indium-tropolone labelled white 
cells. 

The CT features of sclerosing panniculitis were 
confirmed at surgery, but CT failed to differentiate 
between a neoplastic and inflammatory mass. To avoid 
unnecessary and extensive surgery it is important to 
attempt to differentiate inflammatory lesions from other 
causes of mesenteric masses. 

A CT san will usually provide little more than 
anatomical localisation, but an indium-111 leucocyte 
scan will also help to distinguish inflammatory from 
other mesenteric or omental masses. 
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Candida abscess of the pancreas: diagnosis and treatment by computed | 
tomography -guided percutaneous drainage 
By *E. J. Fitzgerald, M.R.C.P., F.R.C.R. and K. Lyons, M.B., B.Ch. 


Department of Diagnostic Radiology, Unrversity Hospital of Wales, Heath Park, Cardiff CF4 3XW 


(Received March 1986) 


Candida albicans 1s found frequently as a commensal 
organism in the gastrointestinal tract. Despite this, it 1s 
rarely found in pancreatic abscesses, there being less 
than 10 cases in the literature (Richter et al, 1982). We 
report the case of a patient in whom computed 
tomography (CT) was used initially to diagnose a 
pancreatic fluid collection complicating a splenectomy. 
Computed tomography was then used during diagnostic 
aspiration followed by definitive treatment of what was 
shown to be an abscess by placement of a 
percutaneous drainage catheter under CT guidance. 


Case REPORT 
A diagnosis of myclofibrosis was made 15 months before 
splenectomy m a 65-year-old man. Splenectomy had been 
decided upon because of the necessity of more frequent blood 
transfusions and the increasing sıze of the spleen, with 
associated pain. At operation, numerous adhesions were found 
between the spleen, peritoneum and abdominal organs. The 


tail of the pancreas extended into the hilum of the spleen. The 


* Author for reprint requests. 


resected spleen weighed 2400 g (normal c. 400g) and 
mxroscopic examination showed changes compatible with 
myelofibrosis. A second [aparotomy was required within 24 h 
because of bleeding vessels in the region of the body of 


pancreas 

Over the next 3 weeks the patient remained unwell, contunued 
to lose weight and required two further operations for bleeding 
problems. Dunng this time he was treated with broad- 
spectrum antibiotics, but he remained pyrexial A few days 
after his fourth operation, a CT scan showed a fluid-filled 
cavity m Ins left upper quadrant. Fluid was aspirated under 
CT gusdance using a fine needle and was found to contain over 
200 000 units of amylase/lL Microscope examination showed 
fungal elements and, because the fluid was infected, per- 
cutaneous catheter drainage was performed (Fig 1) Sino- 
graphy showed no communication with the lumen of the 
bowel A total of 640 ml of brownish fluid was drained over 
the following 24h and culture of the orginal aspirato 
confirmed the presence of Candida albicans, which was 
resistant to ketoconazole, so intravenous and mtracavity 
therapy with amphotericin B was started. Symptomatic 
improvement was evident within 24h of drainage and his 
temperature returned to normal within 36 h. Large amounts of 
fluid were drained over 6 days, gradually decreasing over the 
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FIG 


(4) Large fluid-containing mass in the splenic bed found to contain amylase and fungi on aspiration. (Note gas following needle 
drainage.) (B) Repeat scan 2 weeks later, showing the drainage catheter in situ (arrows) with great reduction in the size of the 


cavity 


following 20 days. The drainage tube was removed at 26 days. 
the patient having gone home on the eighteenth day 

He returned to his normal weight of 74 kg (from 54 kg at 
the time of drainage) within 3 months 

The patient still requires blood transfusion at approximately 
4-monthly intervals, but otherwise remains well 18 months 
alter drainage 


DISCUSSION 

Deep Candida infections rarely occur in the intact 
host, but their incidence has increased greatly in 
immunosuppressed patients, especially those who have 
been treated with cytotoxic drugs. The incidence of such 
infection Is increased in patients who are 
debilitated or following surgery or treatment with 
broad-spectrum antibiotics (Gregory, 1982). Despite its 
frequent presence in the bowel, Candida albicans 1s 
rarely found in pancreatic (Richter et al, 
1982). The organisms involved in infected pancreatic 
abscesses are generally enteric, although the mechanism 
by which they reach the pancreas is unclear in most 
instances (Ranson et al, 1985). Candida is known to 
penetrate the normal gastrointestinal tract (Gregory. 
1982) and this may be the route of infection in our 
patient. Transvenous infections also occur, but there 


also 


abscesses 


was no evidence of Candida contamination in any of 


Our patient’s intravenous lines, and multiple blood 
cultures were sterile. The patient had had major 
surgery. was debilitated (weight loss 20 kg), had been 
treated with antibacterial drugs and had intravenous 
lines; he thus had multiple reasons for Candida 
infection 

Inadvertent pancreatic injury occurs in a significant 
number of patients undergoing splenectomy, especially 


if the operation is technically difficult, as is often the 
case with massive splenomegaly. The close relationship 
between the tail of the pancreas and the spleen is felt to 
be the main reason for the high incidence of left upper 
quadrant fluid collections post-operatively (Balthazar 
et al, 1985). Computed tomography is the method of 
choice for demonstration of these collections, especially 
if they are in the region of the pancreatic tail or in the 
lesser sac 

Pancreatic abscess is a serious complication of 
pancreatitis, with a high mortality rate. Only 41% of 
patients survived in one series, all of whom underwent 
surgery (Kaushik et al, 1984). Abscess complicates post- 
operative pancreatitis (40%) more frequently than 
alcoholic (4%) or biliary pancreatitis (7%) (Hill et al. 
1983). A diagnosis of pancreatic abscess can be 
suggested radiologically when, either on plain radio- 
graphs or CT, gas can be seen within the pancreas or 
pancreatic mass. Gas can also be seen in such 
collections when fistulous communication occurs with 
the gastrointestinal tract (Torres et al, 1981). Fluid- 
containing pancreatic abscess without gas cannot be 
distinguished from uncomplicated “pseudocyst” or old 
areas of haemorrhage on CT appearances alone (Hill 
et al, 1983; Balthazar etal, 1985). Diagnostic per- 
cutaneous aspiration should be performed on such 
collections if an abscess is suspected (as in our case) 
(Hill et al, 1983). Such percutaneous aspiration can also 
be used for injection of contrast medium to demon- 
strate fistulous connection between the mass and the 
bowel if this 1s suspected (Torres et al, 1981). 

If infection is found after aspiration, the abscess can 
be treated by percutaneous catheter drainage (Karlson 
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et al, 1982). Guidance by CT is the method of choice in 
demonstrating a safe access route for drainage of such 
abscesses, which can be an important temporising 
measure in moribund patients and may occasionally (as 
in our case) be curative. It is important to follow the 
progress of drainage closely, measuring the amount 
drained and supplemented by sinography, CT or 
ultrasound at approximately weekly intervals. Lack of 
improvement or deterioration in the patient's condition 
is an indication for surgery (Karlson et al, 1982). 

We wish to stress the importance of considering the 
possibility of Candida infection in patients who have the 
predisposing factors described above. If there is clinical 
suspicion of this or any other type of infection in a 
pancreatic or peripancreatic fluid collection. then 
percutaneous diagnostic aspiration is necessary. 
Computed tomography can be used to demonstrate a 
safe access route for percutaneous catheter drainage 
and to monitor the progress of such treatment. 
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Liver lesions in histiocytosis X: findings on sonography and computed tomography 


By M. Paivansalo and H. Mäkäräinen 


Department of Diagnostic Radiology, University Hospital of Oulu, Finland 


(Received January 1986 and in revised form April 1986) 


Histiocytosis X is a disease of the lymphoreticular 
system of unknown aetiology. characterised by histio- 
cytic infiltration of one or more tissues (Lichtenstein, 
1953). Lipids, mainly cholesterol, are often present in 
the histiocytic deposits (Anderson & Scotti, 1972). The 
usual radiological findings of histiocytosis X are skeletal 
translucencies, pulmonary infiltrations. honeycomb 
lungs and signs of lymphadenopathy (Sutton, 1980; 
Vanel et al, 1983). We describe a case with liver lesions, 
examined by sonography and computed tomography 
(CT). 


Case REPORT 

A reindeer-herder, born in 1961. had been suffering since 
1977 from skin rash, diabetes insipidus, panhypopituitarism 
and respiratory symptoms; latterly there had been persistent 
icterus and progressive neurological symptoms. An axillary 
node and a skin lesion were removed in 1981 and a swollen 
submandibular gland in 1984; all showed histological evidence 
of histiocytosis X. Skull. radiographs showed sharply 
demarcated translucencies in the region of the mastoid and in 
the mandible. A suprasellar expansion was monitored by CT 
and observed to be slowly growing. New, dense, focal cerebral 
lesions were found in June 1985. Chest radiographs showed 


temporary pulmonary infiltrations and bullous emphysema 
with occasional pneumothorax. Skeletal scinugraphy revealed 
increased uptake in the skull and left sacro-iliac region, Serum 
transaminases were elevated for about 7 years, and liver 
biopsies in 198] and 1983 revealed focal histiocytic lesions. 
Echo-dense zones were seen around the portal branches in the 
liver on sonography in February 1984. Seven months later 
these had widened considerably (Fig. 1). In February 1984, CT 
showed hypodensity in the same areas, which 7 months later 
had enlarged and assumed the density of fat (Fig. 2). 

The patient was given hormone substitution (levothyroxin, 
hydrocortisone and desmopressin). The suprasellar tumour 
was treated by local radiotherapy in 1983 and the new cerebral 
lesions by whole-skull radiotherapy in June 1985. He received 
methotrexate-prednisolone chemotherapy for 2 months 
(March and April 1984) without improvement and this was 
stopped because of elevated serum transaminases. Chemo- 
therapy was continued with vinblastine but the disease 
progressed and the patient died in November 1985, Autopsy 
was not done. 


DISCUSSION 
The term histiocytosis X is used for diseases of the 
reticuloendothelial system characterised by infiltration 
of histiocytes, which may concentrate cholesterol or 
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Sonogram. Echo-dense zones are seen around the portal 
branches in the liver in February 1984 (a) and have progressed 
markedly 7 months later (B) 


similar material. Three somewhat different clinical and 
morphological variants of histiocytosis X are Letterer- 


Siwe disease. Hand-Schüller-Christian disease and 
eosinophilic granuloma (Kellinghaus etal, 1982). 
Letterer-Siwe disease is a rapidly fatal disease of 


infancy in which virtually any organ can be affected. 
Hand-Schüller-Christian disease is a more chronic form 
which characteristically involves bone, especially the 
skull. but sometimes also involves the skin, liver, spleen, 
lymph nodes and lungs. Eosinophilic granuloma, the 
most benign variant, is usually seen as a bone lesion. In 
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Computed tomogram. Hypodense areas are seen around the 
portal branches in February 1984 (a): 7 months later the areas 


have increased in size and have the density of fat (B). 


this case the had 
disease 

Relatively few changes have been recorded in the 
abdominal organs, although the lymphographic 
appearances of histiocytosis X have been described 
(Von Renner, 1975; Musaji & Parsons, 1983). Elevated 
serum transaminase, hepato- and splenomegaly have 
been recorded as evidence of damage to these organs 
(Kellinghaus et al, 1982; Vanel et al, 1983; Misiková 
et al, 1984). Mourad et al (1983) reported the CT 
finding of extravisceral, diffuse infiltration of adult 
histiocytosis X appearing as a large mass surrounding 
the pancreas, kidneys and adrenals with thickening of 
the mesentery, In their case, enlargement of the liver, 
spleen and kidneys was the result of obstruction of the 
draining vessels. Wood et al (1984) reported a rapidly 


patient Hand-Schüller-Christian 
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fatal case of histiocytosis X with negative liver and 
spleen scans; a few months later autopsy showed 
massive infiltration of the lungs, liver, spleen, kidney 
and lymph nodes with histiocytic foci in the 
myocardium, skin, kidney and bladder. In our case, the 
liver was not enlarged, but serum transaminases were 
elevated for many years; about 2 years before death, 
ultrasound and CT showed focal changes in the liver 
which were later seen to be progressive. The hyperecho- 
genicity at ultrasound and hypodensity at CT were 
probably due to the fatty content of the lesions which 
previous biopsy had shown to be histiocytosis X. 
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Cranial Computed Tomography. By A. L. Williams and V. M. 
Haughton, pp. xiii--623--index, 1985 (C. V. Mosby Co.. 
St Louis) £85.50. 

ISBN 0-8016-5604—4 

Unless the publication process is rapid, there is a danger that 
all new texts in this rapidly expanding and changing field may 
end up as reference books, rarely consulted as their message 
and illustrations have become out of date. The authors of 
Cranial Computed Tomography, a comprehensive text, state 
their objectives as producing "an authoritative up to date 
discussion of CT... pertinent to state-of-the-art CT 
scanners". 

The book is written by two eminent neuroradiologists with 
the assistance of three collaborators for chapters on the 
posterior fossa, sella and juxta-sellar region, temporal bone 
and orbits. Despite there being a number of contributors, there 
is no contradiction in style and the text is well written, clear 
and concise. Radiologists and clinicians in training, as well as 
experienced radiologists, will find this an excellent book for 
day to day use as well as for reference. 

Chapters are organised into clinical indications and 
anatomical localisation of disease, an approach which the 
reviewer found somewhat cumbersome and which may cause 
an inexperienced reader some difficulty in finding information. 
This, however, is a minor criticism. 

The text succeeds in its aims, the illustrations are well chosen 
and the quality of reproduction is excellent. The abnormalities 
are clearly shown by arrows and illustration captions are 
concise and instructive. 

There are excellent chapters on scanning techniques, the 
sella and the neonatal brain. Each chapter has a comprehen- 


sive list of fairly up-to-date references which, owing to 
publishing deadlines, are not as recent as one would wish. 
Nevertheless, it is very useful, reasonably priced, and can be 
highly recommended. 

W. St C. FORBES 


Computed Tomography and Magnetie Resonance Imaging of the 
Head and Neck, 2nd edit. By Anthony A. Mancuso and 
William N. Hanafee, pp. 503, 1986 (Williams and Wilkins, 
Baltimore), £68. 

ISBN 0-683-05476-7 

Since the first edition of this book was published in 1982, 
nuclear magnetic resonance has assumed an important role in 
head and neck diagnosis and the authors have responded very 
well to this change in emphasis. 

The main contribution of the book is an annotated atlas of 
beautifully produced and accurately labelled computed 
tomography and nuclear magnetic resonance scans. It is 
supplemented by a concise, well written text, with good, 
mainly anatomical diagrams, which emphasises those features 
of significance for radiological imaging and maintains clinical 
orientation and perspective. Though not comprehensive, all 
the important ear, nose and throat (ENT) conditions are 
included and there is a good index. The book is excellent value 
for the money and is strongly recommended for inclusion in 
the libraries of all departments performing ENT imaging and 
to trainees in the subject, especially those studying for the 
F.R.C.R. 

BRIAN KENDALL 
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By A. C. Robinson, M.B., B.S., F.R.C.S., R. Dick, F.R.A.C.R., F.R.C.R. and G. Radcliffe, M.B., 


B.S., F.R.C.S. 


Departments of Otolaryngology and Radiology, The Royal Free Hospital, Hampstead, London NW3 20G 


(Received November 1985 and in revised form January 1985) 


A |3-vear-old girl presented with a history of left-sided 
neck swelling since birth. The swelling fluctuated in size 
and enlarged on Valsalva manoeuvre and straining. Six 
weeks prior to presentation she developed tenderness 
and persistent. swelling below the angle of the left 
mandible. Examination revealed a soft, fluctuant, 
mobile, non-pulsatile mass in that region (Fig. 1). 

Plain radiography and tomography of the neck and 
larynx were unhelpful. Computed tomography (CT) 
revealed a cystic mass, with some peripheral enhance- 
ment following intravenous contrast medium, lying 
postero-lateral to the lower border of the mandible and 
lateral to the hyoid bone (Fig. 2). Aspiration of the cyst 
revealed dark blood. and injection of contrast medium 
into the cyst showed slow clearing from the lesion 
(Fig. 3). Common carotid arteriography showed no 
evidence of a chemodectoma. 

What is the differential diagnosis of the lesion and 
how would you investigate 1t further? 


FiG. | 


Left-sided neck mass. 








FIG 2 
A contrast-medium-enhanced CT scan of the neck at the level 
of the hvoid bone. A 2 cm-diameter low-density mass lies 


anterior to the sterno-mastoid. The density reading suggests 

that part of it may be semisolid. Arrows indicate the carotid 

arteries and internal jugular veins. On the left side these are 

clearly delineated from the mass. Vascular enhancement of the 
wall is noted 


FRONT 





FIG x 


Injected contrast medium outlines the posterior wall of the 
lesion, and "layers" posteriorly. 
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Subtraction venogram following direct injection of cyst (thick 

arrow). Poor mixing of contrast medium in the lower half of 

the cyst suggested thrombus. The thin arrow indicates the left 

external jugular vein and the open arrow the junction with the 
left subclavian vein. 


Direct injection of the cystic mass was performed 
under fluoroscopy, and this showed a 2 cm-diameter 
smooth aneurysm arising from the external jugular vein 
(Fig. 4), and draining into the left subclavian vein. 

Percutaneous embolisation was considered, but it was 
thought that this might result in the soft fluctuant mass 
being replaced by a firm one. Surgery was therefore 
undertaken, and confirmed an aneurysm of the external 
jugular vein which was being fed by the common facial 
and retromandibular veins. These were ligated and 
divided, as was the external jugular vein, and the 
aneurysm was removed. 

The differential diagnosis of a swelling in the neck of 
à young person includes lymph nodes, salivary gland, 


cystic hygroma, branchial cyst, laryngocoele and 
chemodectoma. In the case presented, distension during 
Valsalva manoeuvre suggested that the diagnosis was 
more likely to be a venous aneurysm or a laryngocoele. 

The true nature of the swelling was determined firstly 
on CT by the peripheral enhancement of the dilatation 
from its rich supply of vasa vasorum in the wall, 
secondly by the continuous aspiration of dark venous 
blood from the swelling, and thirdly from the 
convincing angiographic findings. Three treatment 
options were considered: surgery, sclerotherapy via an 
injection directly into the aneurysm and sclerotherapy 
via catheterisation of the external jugular vein using an 
occlusion balloon catheter to empty the aneurysm first. 
It was decided that surgery would provide the most 
effective method of complete cure and a good 
restoration of the patient's appearance was achieved. It 
is quite possible that with a smaller venous aneurysm 
one of the other treatment options may have been 
preferred. 

Congenital dilatation of the veins of the superior 
vena caval system, first described by Harris in 1928, is 
rare, and has continued to pose a diagnostic challenge. 

Various techniques have been used for diagnosis. 
These have included angiography (Passariello et al. 
1979), direct venography (Zorn etal, 1981), and 
ultrasonography (Leung etal, 1983, Stevens et al, 
1982). While ultrasonography has the advantage of 
being non-invasive, its reliability is operator-dependent 
and therefore a combination of techniques may produce 
more accurate information concerning the nature and 
anatomical site of the lesion. 
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On minimisation of toxicity to skin during capacitive radio-frequency 


hyperthermia 
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Cancer Instrtute (WIA), Adyar, Madras 600 020, India 


(Received April 1986) 


Common techniques to induce tissue hyperthermia (HT) with 
radio-frequency (RF) currents are either capacitive or 
inductive in type (Cheung, 1982, Cosset et al, 1983). An 
advantage with RF capacitrve HT is the possibility of heating 
deep-seated tissues (Cheung, 1982; U et al, 1984) However, 
during capacitive heating the higher resustrvity of subcutaneous 
tissues results in excessive heating, which leads to skin and fat 
burns and induration (Arcangeli et al, 1983, Perez et al, 1983; 
Hiraoka et al, 1984; Oleson et al, 1984; U et al, 1984) To 
prevent the direct contact of the electrode with the skin, 
electrodes are enclosed in bolus bags through which cooled 
flunds such as saline (Brezovich et al, 1981; Cheung, 1982) or 
deionised water (Hiraoka ct al, 1984; Prionas & Hahn, 1984; U 
et al, 1984) are circulated. Brezovich et al (1981) have shown 
that the skin burns dunng RF capacitive heating could be 
reduced by using a saline bolus of tigsue-equivalent conduc- 
tivity and Griffiths et al (1984) have reported that the extent of 
RF power deposition in the tissues depends on the 
conductivity of the bolus Here we report clinical data which, 
in addition to confirming the observations of Brezovich et al 
(1981), indicate that the excessive heating of subcutaneous fat 
could be reduced by cooling through the bolus and that a 
poorly conductive bolus should not be used during capacinve 
heating. 

We used a "Thermotron RF 8", a capacitrve 8 MHz 
hyperthermia unit (Yamamoto Vinyter Co ), to induce tissue 
hyperthermia (U et al, 1984) Thermometry was carned out 
using copper—constantan thermocouples (IT-18, Sensortek), 
which were implanted in the tissue at the desired depths using 
hypodermic needles Figure | indicates the electrode positions 
during the treatment of cheek carcinomas Details of the 
tumours treated and the treatment protocol are given in 
Table I At the start of the clinical trials we used 0.1% saline in 
the electrode-skin cooling system, as per the recommendations 
of the manufacturer. Three of the first 10 patients suffered 
from first and second degree burns at sites corresponding to 
the bolus edges A skin erythema was not uncommon. There 
was also the spread of RF currents throughout the surface of 
the body of the patient, which resulted in miki (low kV) to 
severe (high kV) shock to the patient and to the attending 
personnel on loose contact and the sensation of heating on 
firm contact When we used 1.0% saline bolus the skin burns, 
skin erythema and the spread of RF currents on the body 
surface were minmmused as shown in Table I 

The use of 1 0% saline was based on our observation that 
the rate of heating of agar phantoms of 21.0 cm diameter and 


Address for repmots N. M. S. Reddy, Department of 
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10 cm height (4.0% agar, 0.22% NaCl, 0.1% sodium azide 
and 95.68*4 deionised water, with 0 6 S/m conductivity heated 
with a pair of 10 cm-diameter electrodes) was a maximum 
when the saline concentration in the bolus was 1 0%. The ratio 
of the rate of heating of phantom to that of bolus for 005%, 
0.45%, 1 0*4 and | 5% saline in the bolus was 0 17, 0.93, 1.25 
and 1.22, respectively These data indicate that 1.0% saline 
bolus maximises and evens out the power deposition m the 
tissues and reduces the concentration of RF field lines in the 
bolus and the associated hot spots consequent upon the 
geometrical discontinuity between the tissue and the electrode 
when the low conductivity bolus us used. In addition to the use 
of 1.0% saline bolus with uniform circulation, even distri- 
bution of the bolus around the electrode and between the skin 
and the electrode, as shown in Fig. 1, was found to reduce the 
number of hot spots further and to minimise the skin toxicity. 

Figure 2 indicates that the overbeating of subcutaneous fat 
could be minimised by cooling through the bolus These data 
were recorded when a tumour in the left retroperitoneal region 
of an obese patient was heated using 14 cm- and 10 cm 
diameter electrodes mounted on the left lumbar and 
retroperitonea! regions, respectively. During other HT treat- 
ments we have also noted that the temperature of adipose 
tissue at 0 5 cm could be maintained. below 400°C and the 
temperature at 2 cm could be brought down to that of the 
tumour with differential cooling of the boluses, fe cooling the 
bolus close to the fatty tissue to less than 15°C and 
maintaining the temperature of the bolus close to the tumour 
around 40.0°C 





3 Sagging bolus 
A 





Fia. 1. 


Schematic sketch of the frontal view of (A) an incorrect and 
(B) a correct setting of boluses during RF hesting. | = 10 cm- 
diameter electrodes, 2 = 8 cm-diameter electrode, 3 — 16 cm- 
diameter boluses, 4 = 12 cm-diameter bolus, 5 = saline inlet, 
6 = saline outlet, 7 = hot spots due to higher RF current 
density. Dashed lines in boluses represent path of RF currents. 
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TABLE I 
TREATMENT PROTOCOL AND THE ASSOCIATED TOXICITY 


Percentage Tumour No. of No of HT Average Average Toxicity 
of saline histology, patients treatments temperature (^C) power (W)t 
m the site and per patient. ee Current Shan Skin Induration of 
bolus length 30-60 min Skin* Tumour Forward Reflected spread erythema burns subcutaneous 
(cm) per treatment on the tissues 
skin 
surface 
01 Carcinoma, 10 16 30.0 41.5 600 30 Yes Yes Yes] Yes 
cheek 
5-8 
1.0 Carcinoma, 25 16 15.0 41.5 250 0-5 Nil Nil Ni Reduced 
cheek 
5-8 
10 Sarcomas, 20 12-16 150 | 430 200—400 0-40 Nil Nil Ni Reduced 
various sites 
4-20 


*With 1% saline bolus the skin temperature could be raised to above 42.0°C without causing skin burns, when the skin also was 


involved, 


tForward power and reflected power vaned with the anatomical site, size and combination of electrodes, weight of the patient, 


etc 


tTwo female and one male patient suffered from skin burns on the upper cheek, the back of the external earlobe and the lateral 


sides of the neck 
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Fic. 2 


Effect of cooling of the bolus on the temperature of tissues 
below the bolus dunng RF capacitive HT @ temperature of 
fat (left lumbar region) below bolus A at 15cm depth; E 
temperature of bolus a; © temperature of the tumour below 
bolus B (eft retroperitoneal region) at a depth of 1.85 cm; O 
temperature of bolus B; A absorbed power (W) 


In conclusion, it 1s possible to say that the use of well cooled 
1% saline bolus would minimise the absorption of RF power 
in the circulating fluid, even out the power deposition in the 
tissues and minimise the toxicity to skin and fat during RF 
capacitive heating. 
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Physical and biological dosimetry at the barium sulphate-culture medium 


interface 


By N. Tokita, |. van der Kogel, “J. J. Chmielewski and M. R. Raju 


Life Sciences and "Physics Divisions, Los Alamos National Laboratory, University of California, Los Alamos, 


NM 87545, USA 


( Received December 1985 and in revised form April 1986) 


Barium sulphate suspensions (BSS) used in gastrointestinal 
radiography consist of barium sulphate microparticles which 
coat the mucosal surface of the digestive tract. The amount of 
BSS which adheres to the mucosa depends upon the procedure 
employed, the type of BSS, the amount and dilutions used, and 
the surface properties of the mucosa (Gelfand & Ott, 1982). 
These barium microparticles, once taken internally, penetrate 
deeply into the intestinal mucosa, even into the crypts between 
villi (Simmonds & James, 1976), forming tissue-barium 
interfaces. An interface between a solid metal and a tissue 
when irradiated yields a region of overdosage at the proximal 
interface and an underdosed region at the distal side (Dutreix 
& Bernard, 1966). However, suspended barium (atomic 
number (Z) = 56) microparticles release secondary electrons in 
all directions when irradiated, ~esulting in overdosage regions 
on both sides of the interface.” “this communication, we 
report the measurement of doses at r, ^oroximal and distal 
to a culture medium-BSS interface by . "cal assay (cell 
survival) method, as a simulation of the ao... "ry at the 
tissue-BSS interface. Physical dosimetry was also ci, "ied out 
to measure the amount of secondary electrons released from 
BSS and from a mylar membrane. 


METHODS 

A 250 kVp X-ray unit (GE Maxitron, filtered with Thoraeus 
I]. 3 mm Cu half value layer) was used since this was the only 
radiation source available in our laboratory. The focus-skin 
distance was 31 cm with no collimator attached to the X-ray 
window. Radiation exposures and absorbed doses were 
measured using a Victoreen chamber and a semiconductor 
dosemeter. An extrapolation chamber (G5-TG, EG & G) was 
used to measure secondary electrons released at the distal 
surface of a 1.5 um-thick. mylar membrane (Du Pont) on 
which a thin layer of 60% w/v BSS (55 mg/cm?, Picker 
RapidFil barium pack) was placed. The window of the 





Address for correspondence: Dr M. R. Raju, Mail Stop M880, 
Los Alamos National Laboratory, Los Alamos, NM 87545, 
USA. 


chamber consisted of 50 ug/cm? polyhydrocarbon coated with 
50 x 10^ !? m Nichrome. Its physical configuration limited the 
use of the chamber only at the distal surface of the mylar. 
The mylar dish used for biological assay consisted of a 
3.5 cm-diameter glass ring covered with a mylar membrane as 
described elsewhere (Barendsen & Breusker, 1960; Goodhead 
& Thacker, 1977). Asynchronously growing Chinese hamster 
(V79) cells were plated into mylar dishes at a density of 10° 
cells/dish in 2.5 ml of alpha MEM medium supplemented with 
10% fetal calf serum (Rehatuin). After a 48 h incubation 
period, to allow cell adhesion and flattening without reaching 
confluency, medium was added to make the depth of medium 
| cm. The dish was placed on a I cm-thick polystyrene plate 
with an appropriate amount of an interface material, for 
example, BSS or water, in between the dish and the plate 
(Fig. 1). The dish/polystyrene plate was then suspended in air 
by a pair of laterally extending plastic arms. The set-up 
provided the same amount of "tissue-equivalent material" 
(1 em-thick medium and polystyrene) on both sides of the 
monolavered cells. A small amount of BSS or water was 
spread inside a 3.5 cm-diameter O-ring attached to the 
polystyrene plate and covered with a mylar membrane with no 
air gap allowed between the under-surface of the mylar dish 
and the BSS. The cells were irradiated either from above or 
below at an exposure rate of 5x 107'C kg^! min at room: 
temperature. 


Cover 





4 
Barium suspension 


Pd 
Polystyrene (1 cm thick) 
Fic. l. 


Diagram showing the experimental set-up. The polystyrene 
plate was suspended in air and irradiated from above or below. 
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One may choose any thickness of BSS as an interface 
medium; however, our primary interest was to compare the 
results obtained from in-vitro and m-viyo studies under the 
same circumstances Therefore, we derived the thickness of 
BSS used in this assay from an vtvivo study Mice (Balb/c 
male, 24 weeks old) were not fed but given water ad libitum for 
14 h and then 0.5 ml of standard 60% w/v BSS was introduced 
directly into the stomach through a gastric feeding tube under 
ethrane anaecsthema. Radiographs revealed that the BSS had 
filled the yejunum approximately | h after feeding. Six mice 
were sacrificed and the upper jejunum clamped, removed and 
processed rmmediately to obtain frozen sections The average 
thickness of the BSS, measured microscopscally, was m the 
range 0.25-0 3 mm. We therefore used a 0.27 mm-thick layer 
of BSS for this study. Various dilutions of BSS (6094 to 
19% w/v) were also used to measure the effect of barum 
sulphate density on the interface dose. Water was used as a 
control. 

When the dish on the polystyrene plate was irradiated from 
above, the cells on mylar membrane (located between the 
culture medium and the BSS layer) were used for dosimetry at 
the region proximal to the medium-—BSS interface. Under the 
same set-up, the cells irradiated from below were used for 
dosimetry at the distal surface of the BSS—medium interface. 
After irradiation, the cells were trypsmised and counted, and 
aliquots of the cells were plated into plastic Petri dishes for 
colony formation to obtain cell survival. A sinular study was 
also carried out using cells plated in polystyrene Petri dishes 
(0.6 mm-thick, 35 mm in diameter, Falcon) For this study, 
2 x 10* cells/dish were plated 48 h before irradiation 

Cell survival data were analysed using a fitting program 
besed on the model S = exp (Ca X—b X°), where S is the 
survival and X the exposure (C kg !). 


RESULTS AND DISCUSSION 

Physical dosimetry based on the extrapolation chamber 
mdicated that the chamber current increased by 35% when the 
mylar was placed directly on the window compared with the 
readmg taken when the chamber was suspended in air. When a 
0.27 mm-thick layer of BSS (60% w/v) was placed on the 
mylar and measured directly at the under-surface of the mylar, 
the current increased by a factor of 69 These data mdicate 
that the presence of the BSS layer increased exposure 5 6-fold 
at its distal surface after correcting for the effect of the mylar 

The cell survival data used for biological dosimetry are 
shown in Fig. 2 As an exposure control, cells were plated on 
mylar or on polystyrene Petri dishes, placed on a thin layer of 
water attached to the polystyrene plate and irradiated from 
above or below The cell survival as a function of exposure was 
similar under each of these conditions. In addition, the survival 
curve for cells plated on polystyrene Petri dishes and irradiated 
on a 0 27 mm-thick layer of BSS (60% w/v) was the same as 
for the control, mdycating that secondary electrons released 
from BSS are unable to penctrate 0.6 mm polystyrene. 

In contrast, survival curves of cells attached to mylar on a 
0 27 mm-thick layer of BSS have conmderably stecper slopes 
than the control curves, depending upon the density of BSS 
After fitung the data umng a linear-quadratse model, the 
exposure ratios were compared at 50%, 10% and 196 survival 
levels as shown in Table I Exposure ratio, defined as the 
exposure for control divided by the exposure for a given 
barum diluton, was used to estimate the dose increase at the 
interface This value vanes depending upon the banum density 
and the survival level as an end-point. The presence of a 
0 27 mm-thick layer of BSS (60% w/v) increased the exposure 


SURVIVAL (%) 





EXPOSURE (x10°'C/Kg) 


Fia. 2. 


Cell survival plotted as a function of exposure. Control: cells 
on mylar placed on a 0.27 mm-thick layer of water exposed 
from above (©) and from below ([3y; cells on polystyrene 
Petri dishes placed on a 0.27 mm-thick layer of 60% w/v BSS 
(A) Survival at the proximal interface: cells on mylar on 
0.27 mm-thick BSS at 60%, 30% and 15% w/v Survival at the 
distal interface. cells on mylar on a 0.27 mm-thick layer of 
60% w/v BSS exposed from below (60% FW) Data obtained 
from minimum of three separate experiments for cach data 
point. Error bars show SEM 


at the proximal interface by a factor of 4.4 at the 10% survival 
level. With the same experimental set-up, but irradiating from 
below the ceils to determine the distal interface dose, the salope 
of the survival curve was slightly steeper, with an exposure 
ratio of 5.8 measured at the 10% survival level The latter us in 
agreement with the physical dosimetry data The differences in 
exposure ratio at three survival levels (Table I) may result from 
the fact that cells located at the edge of the mylar dish may 
receive fewer secondary electrons and that some cells "piggy- 
back" without attaching directly to the mylar, even at a low 
cell density. Figure 3 shows the dose increase calculated from 
the exposure ratio at the proximal interface plotted as a 
function of barrum density measured at 10% survival levels 
The dose was reduced as the BSS was diluted, reaching the 
control (water) level at, approximately, a 1/8 dilution, or 
7 5% w/v. 

These results with BSS differ from previously studied 
metal-timsue interface effects in which there are regions of 
"build-up" and underdosage across the interface (Dutreix & 
Bernard, 1966). Dosimetry*has been reported previously for 
bone-üssue interfaces with X rays (Spiers, 1949), 
copper—tissue interfaces in a $?Co y-ray beam (Dutreix & 
Bernard, 1966), metal-tizsue interfaces in high-energy electron 
beams (Okumura et al, 197], Saunders & Peters, 1974), and 
gold-and-amalgam-tssue interfaces during exposure to 
4-6 MeV photons (Gibbs etal, 1976) The metal—tissus 
interface may pose a clinical problem of enhanced 
normal-tissue damage during therapeutic irradiation (Gibbs 
et al, 1976) At photon energies of 10-20 MeV, the soft tissues 
are always overdosed when in contact with a high-atomic- 
number material, regardless of the direction of the radiation, 
depending upon the Z number and the energy (Dutreix & 
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TABLE I 


CELL SURVIVAL COEFFICIENTS (a, 6) AND EXPOSURE VALUES AT THREE SURVIVAL LEVELS FOR CONTROL (WATER) AND THREE DIFFERENT 
BSS DENSITIES AS AN INTERFACE MEDIUM 











Interface a b 50% survival 10% survival 1% survival 
medium (x107? (x 107° exposure ratio exposure ratio exposure ratio 
iC ke!) /C? kg?) (C kg!) (C kg ) (C kg !) 

Water 3.37 3.43 10.1 1.0 21.5 1.0 32.1 1.0 
15% Ba (p) 7.55 6.47 5.98 1.69 RAI 1.57 2L 1.52 
30% Ba (p) 10.8 15.4 4.06 2.50 9.22 239 14.1 PARA 
60% Ba (p) 26.2 43.5 1.99 5.09 4.87 4.4] 7.7] 4.16 
6095 Ba (d) 46.9 40.9 1.32 7.65 3.71 5.79 6.32 5.07 





Ratio = exposure for water/exposure for Ba; (p) = exposure at the proximal interface; (d) = exposure at the distal interface. 


Bernard, 1966). It remains to be evaluated whether the 
BSS-tissue interface effect poses a problem of enhanced 
intestinal morbidity during irradiation with high-energy 
photons and/or with lower-energy y-rays often used in 
brachytherapy. Our calculations, however, predict that the 
BSS-tissue interface effect is not likely to be significant for 
662 keV y rays from ! "Cs, a commonly used radionuclide in 
brachytherapy. Experimental in-vitro and in-vive studies are in 
progress to evaluate the interface effect using high-energy 
photons and electrons (4-20 MeV) and low-energy X rays 
(50-100 kVp) used in diagnostic radiography. 

In summary, the present study suggests that a thin layer of 
BSS forms an interface with tissues which results in high dose 
regions on both sides of the BSS-tissue interface when 
irradiated with 250 kVp X rays. The magnitude of dose 
increase depends on the density of BSS. 





1 G een M ee nM — —— M M 1 
ur | 
3 | 
AI > | 
EG HL | 
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ul | "4 | 
O 2 [ uu | 
a | 2 
1 | PESES -EEEE RUN, = ALN A ag m PER 
1% 10% 100% 
BARIUM (W/V) 
Fic. 3. 


Dose increase calculated from the exposure ratio (the exposure 

for control/the exposure for a given barium dilution) at the 

proximal interface plotted as a function of BSS density 

calculated at the 10%% survival level. The exposure reached the 
control (water) level at 7.5% w/v BSS. 
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Atlas of Clmical Rheumatology. By P. Dieppe, P Bacon, A 
Bamj and I. Watt, pp. 364, 1986 (Oxford University Press, 
Oxford), £75.00 

ISBN 0—906923—75-1 

Teachers of cimical rheumatology have the great advantage 
that so much of the effect of most rheumatic disorders is vinble 
at the bedsade or detectable by simple clinical manoeuvres. It 1s 
a logical step, therefore, to bring together in atlas form the 
common and not so common manifestations of joint and other 
connective-tissue disorders The authors have, by and large, 
carried out this task admurably Introductory sections describe 
the range of physical signs encountered and the various 
methods of investigation available. The disease groups are then 
dealt with in a comprehensive fashion, section by section, and 
the overall standard of illustration 1s excellent. 

This atlas does not confine itself to superficaul appearances 
but, wherever relevant, includes excellent radiographs and 
histological sections, with very useful line drawings guiding tbe 
reader to the corresponding sabent features. There is an 
occasional slip, e.g. the appesrance of the tongue chosen to 
illustrate the xerostoma of SjSgren’s syndrome is not at all 
characteristic. The ilustration of the various appearances of 
synovial effusions does not include a good example of the 
commonest, the pale yellow fluid aspirated from joints with the 
common inflammatory arthropathies. Those readers who have 
difficulty with the concept of mixed connective-tissue disease 
are unlikely to be convinced about its validity on the basis of 
the illustrations. 

Enough supportive text 1s provided to supply a theoretical 
framework for the material illustrated. In reproducing in 
diagram form & scheme relating certain types of vasculitis and 
granulomatous conditions, the mistaken idea that midline 
granuloma is pert of this spectrum of conditions is, 
unfortunately, repeated. 

The authors and publishers are to be congratulated on the 
high standard of this volume, which 1s highly recommended 
and which should find a place in any undergraduate or 
postgraduate medical library. Radiologists should find it a 
considerable heip in relating the radiographic appearances they 
encounter with the correaponding clinical and pathological 
changes. 

J C WoopbROw 
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“Invisible” field skin marking on radiotherapy 
patients 


THE Eprroz— Sm, 

Radiotherapy skin marks, especially those marks on exposed 
areas such as the face, cause many patents to be 
understandably self-conscious and embarrassed when m 
public There is a need for an alternative to the gentian violet 
skin marking method generally used in radiotherapy. A simple 
but effective answer to the problem 1s to use a marking which 
is invisible in ordinary light but visible on the treatment 
machine 


A skin marker is used which is visible only in the ultra-violet 
(UV) range, commonly known as “black light”. In the 
simulator and treatment rooms there are fitted, ın place of the 
dim lights, two UV lamps, one either side of the couch. Any 
marks present or being applied can be clearly seen, thus 
enabhng the trestment to be set up normally The ink used 
does not appear to have any toxic effect on tissue and when 
dry does not remove easily, although isopropyl alcohol 
injection swabs will remove any unwanted marks. The pens are 
normally used for security marking and are marketed by Berol 
and are known as the "Bero! Detective". The UV lampe are 
ordinary bayonet-cap fitting and can be used as a direct plug- 
m replacement for a tungsten lamp. The Thorn MBWT/V, a 
high-pressure mercury discharge in a quartz arc tube, is 
suitable. The bulb is of black glass, which absorbs virtually all 
radiation other than that in the long-wave UV of predomi- 
nantly 365 nm. Lattle visible light is emitted. 

Yours, etc., 
R. E. HUTCHINGS 
Department of Medical Physics, 
Norfolk & Norwich Hospital, 
Brunswick Road, 
Norwich NRI 3SR 
(Received July 1986) 


Measurement of lung water using nuclear magnetic 
resonance imaging 


THe Eprror— Sm, 

In ther recent paper describing the regional measurement of 
lung water using nuclear resonance (NMR) imaging, 
MacLennan etal (1986) fal to discuss adequately two 
important issues. In the introduction, they quote a number of 
alternative techniques to measure this parameter, but conclude 
that none is ideal, either for the monitormg of treatment or for 
usc as a research tool Unfortunately, the authors do not 
discuss the merits or demerits of these alternative techniques, 
in spite of the fact that a number of different approaches to 
measuring lung water have been made using positron emission 
tomography (PET), which have been shown to be able to 
provide accurate values of regional lung density (g lung/ml 


thorax), regional water density (ml water/ml thorax), regional 
extravascular density (g tssue/ml thorax) and regional blood 
volume (ml blood/ml thorax). Although PET may not yet be 
freely available (there are currently 20-30 working PET centres 
throughout the workd), it has been shown to be a powerful 
research tool—as testified by a number of clinically important 
research studies based on the measurement of lung water 
(Wollmer ot al, 1983, 1984a, b; Schober et al, 1985). 





TABLE I 
Subject Reference 
Lung density (g/ml) 
0 24 Dog, supine Gamsu et al (1979) 
0.32 Man, sitting Garnett et a1 (1977) 
0.30 Man, supine Unpublished data 
0.29 Man, supine Rhodes et al (1981) 
Lung water density (ml/ml) l 
0.31 Man, supine Schober et al (1985) 
0 27 Dog, supine Schuster et al (1985) 





The second point arises from the extremely low values 
of lung water density reported by this group Table I 
documents values obtained by a number of workers using a 
wide range of techniques both m man and the dog. This would 
suggest a value for lung density of 0.30 g/ml thorax, typical of 
the nght hing/caudal shce in the supine posture. This value 
translates into a value for water density of 0.26 ml/m] thorax 
(assuming a lung (tissue + blood) water content of 0.85 ml/g) 
and suggests that values obtained using NMR imaging 
(0.16 ml water/ml thorax, caudal plane/nght lung slice) 
underestimate the true water density by nearly 40%. The large 
difference between their measurements of water or tissue 
density and those in Table I is not reported and the discussion 
is limited to the acknowledgment of a 10% error due to 
insufficent relaxation time between pulmng, and a mention of 
the partial volume effect, which, with a 1.6 cm-thick slice, 
should be of minimum involvement. The implication, 
therefore, is that some other substantial error in the technique 
exists which should be investigated before this approach is 
relied upon to provide routine clinical measurements. 

Yours, etc., 
CHRISTOPHER G RHODES 
MRC Cyclotron Unit, 


London W12 0HS 
(Received June 1986) 
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(Author's reply) 


THE Eprrog—Sm, 
In reply to the letter from Dr Rhodes, no criticism of PET asa 
research tool was intended. 

The method descnbed in our article was one posnble 
approach to the problem of lung water measurement using 
magnetic resonance maging. We emphasise repeatedly in the 
discussion that the method appears to underestimate lung 
water. In addition to the loss resulting from partial saturation 
and partial volume effects, we also suggested that the T, 
shortening effect of lung inflation described by Morris et al 
(1985) might be a significant source of sgual loss using the 
Aberdeen saturation-recovery sequence. Unfortunately, we are 
not in a position to investigate this. The range of values 
reported for lung density is not quite as narrow as the range 
referred to by Dr Rhodes. Values of 0.19-- 0.03 (1 SD) resulted 
from a radiographic and helium dilution method (Armstrong 
et al, 1982), although these subjects were sitting, not lying. 

Yours, etc., 
F. M. MACLENNAN 
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Radiobiology work-in-progress 


Abstracts of papers presented at the above meeting, held at 36 Portland Place, London W1N 3DG on Friday, 


February 21, 1986 


Chairmen: Dr J. W. Hopewell and Dr S. B. Field 


The biological effects of 24 keV neutrons and their relevance to neutron-capture therapy, by A. J. Mill, G. R. Morgan and 


C. I, Roberts. 


The role of quaternary structure in the radiation sensitivity of human lymphocytes: a target identified, by W. A. Cramp and 


S. A. Sabovljev 


High vields of lethal mutations in somatic mammalian cells that survive ionising radiation, by C. B. Seymour, C. Mothersill and 


T. Alper 


The effects of localised pelvic irradiation in the rat: the influence of field positioning, by G. A. Ross and J. W. Hopewell 

The effect of fractionated irradiation on the rat heart, by K. R. Trott and S. Lauk 

The response of the mouse kidney to very low X-ray doses per fraction, by M. C. Joiner, J. Denekamp and B. D. Michael 
Changes in duodenal endocrine cell population and villous structure after X irradiation, by M. G. Wyatt, S. P. Hume, K. E. Carr 


and J. Marigold 


influence of circadian rhythms on radiosensitivity in mouse skin, by B. Stadler, A. Rojas, J. Soranson and J. Denekamp 


THE BIOLOGICAL EFFECTS OF 24 KEV NEUTRONS AND THEIR 
RELEVANCE TO NEUTRON-CAPTURE THERAPY 


A. J. Mill, *G. R. Morgan and *C. J. Roberts 


Radiobiology Laboratory, Berkeley Nuclear Laboratories, 
CEGB, Berkeley and *Environmental and Medical Sciences 
Division, AERE. Harwell 


There is currently considerable interest in the biological effects 
of intermediate-energy neutrons. Firstly, in radiological 
protection, since a large proportion. of the neutron dose 
received by personnel around nuclear reactors stems from this 
energy region. Secondly, in fundamental radiobiology. because 
the ranges of the protons produced by intermediate-energy 
neutrons are of the order of the distances thought to separate 
radiation-sensitive sites in mammalian cells. Thirdly, for 
neutron-capture therapy, since these neutrons provide a 
penetrating. thermal-neutron profile without an excessively 
high recoil-proton dose. Neutron-capture therapy involves the 
selective uptake by a tumour of a substance (such as boron) 
which has a high cross-section. for the capture of thermal 
neutrons. After exposure to neutrons, the capture products 
(alpha particles and lithium recoil nuclei) irradiate only the 
cells containing boron. 

Beams of intermediate-energy neutrons may be produced by 
filtering the neutrons from a high-flux reactor. A filter of iron 
and aluminium gives 24 keV neutrons. A filter of scandium 
gives 2 keV neutrons. Neutron transport calculations have 
shown that neutrons of these energies can provide suitable 
beams for the treatment of gliomas by boron neutron-capture 
therapy (BNCT). A high-purity beam of 24 keV neutrons has 
recently been developed on the PLUTO reactor at AERE, 
Harwell. Measurements showed that the beam fluence 
contained > 95% monoenergetic 24 keV neutrons with 
principal high-energy contamination at 130 and 280 keV. The 
neutron dose-rate was 0.18 Gy/h, plus 0.03 Gy/h of gamma 
radiation: 80% of the kerma was attributable to 24 keV 
neutrons. Plateau-phase cultures of HeLa cells (CEGB) and 
V79 cells (AERE) were irradiated in this beam in order to 
measure the relative biological effectiveness (RBE) for cell 
killing and for chromosome aberrations. The cultures were 
maintained at 37°C for the duration of the exposures, which 
lasted up to 24 h. Analysis of the survival data gave limiting 
RBE values, at low doses, of 3.7 (HeLa cells, compared to 
250 kVp X rays) and 2.7 (V79 cells, compared to °°Co gamma 
rays). The results indicated that 24 keV neutrons behave as 


high linear energy transfer radiation. No other survival data 
are available for comparison. In a more recent series of 
experiments, HeLa cells were irradiated at various depths in a 
tissue-equivalent phantom. Boron 10 was added to some of 
these cultures in order to assess the RBE of the alpha particles 
emitted after neutron capture. Preliminary data suggest that 
the RBE of these alpha particles is similar to that of 24 keV 
neutrons, Enhanced cell killing at depth for borated cells ts a 
function of the depth-dose distribution. It is clear that 
intermediate-energy neutrons are superior to thermal-energy 
neutrons for BNCT, as currently practised in Japan. 


THE ROLE OF QUATERNARY STRUCTURE IN THE RADIATION 
SENSITIVITY OF HUMAN LYMPHOCYTES: A TARGET 
IDENTIFIED 


W. A. Cramp and S. A. Sabovliev 


MRC Radiobiology Unit, Royal Postgraduate Medical School, 
Hammersmith Hospital, London W12 0HS 


in mammalian cells DNA has a higher order of configuration 
than two interwound strands of sugar-phosphate backbones 
along which are positioned the purine and pyrimidine bases. 
As well as being wound around histone proteins, this double- 
stranded DNA is in close association with three other specific 
types of protein. These are the "lamina" proteins at the 
periphery of the nucleus, which are embedded in the nuclear 
membrane, the "matrix" proteins which run throughout the 
nucleus, and the "scaffold" proteins, responsible for the 
structure of condensed chromosomal DNA. The quaternary 
structure of DNA is considered to be the three-dimensional 
association of all these macromolecules. 

The most radiation sensitive volume in mammalian cells is 
located at the periphery of the nucleus and may contain the 
nuclear membrane. At this site there is predominantly DNA in 
association with "lamina" proteins and it is believed that the 
link between double-stranded DNA and these proteins is 
through a copper atom. 

The density of histone-free DNA-protein material isolated 
from human peripheral blood lymphocytes has been shown to 
decrease when the cells are irradiated. They return to the 
unirradiated density when the cells are incubated in nutrient 
medium. When this return to unirradiated densities was slow, 
it was found that radiation inhibition of cell proliferation was 
enhanced. This relates to a slow return to cellular radiation 
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APEE Y This Eh ics material can be made less 

dense by treatment of the lymphocytes or their nucle with 
agents which either extract copper or modify its oxidative state. 
Added co increases the densty of the DNA-protein 
complex. technique used determines the density 
characteristics of all the histone thee DNA-protein complexes, 
not solely the DNA associated with the "lamina" proteins 
found at the nuclear However, ıt has been deduced 
that the radiation senatrvity of lymphocytes is dependent upon 
the cells’ ability, in instances such as m old and diseased 
donors, the much reduced abihty, to restore tbe correct copper- 
protein configuration. 


HIGH YIELDS OF LETHAL MUTATIONS IN SOMATIC 
MAMMALIAN CELLS THAT SURVIVE IONISING RADIATION 


C. B. Seymour, Carmel Mothersill and *Tikvah Alper 


Saint Luke's Hospital, Rathgar, Dublin 6, Ireland and 
* Birrkholt, Sarisbury Green, Hampshire SO3 6AL 


Heritable changes DES by radiation in somatic mammalian 
celis may be expressed only after many normal divisions; it has 
been found that some of changes may be lethal This was 
deduced from observations Kem reduced plating efficiency (PE) 
in distant descendants of irradiated cella, sometimes after more 
than 20 tons. Reductions m PE were dose-related and 
comparable for two very dissimilar cell lines: a pri culture 
from adult thyroid tissue and an "immortal" laboratory 
line (CHO-K 1). 

It is customary for mutatio transformation yields to be 
given "per surviving stated yields may be 
significantly iadaaa e if some survivors, as judged by 
conventional colony counts, have failed to give nse to viable 
prosen geny by the time the yields are scored. If, as seems likely, 

mutations also occur in somatic cells irradiated mm Yvo, 
this would account for the fact, well known to radiotherapists, 
that tissue showing no overt sign of previous irradiation can 
stand very little further irradiation or exposure to cytotoxic 
drugs 


THE EFFECTS OF LOCALISED PELVIC IRRADIATION IN THE 
RAT. THE INFLUENCE OF FIELD POSITIONING 


G. A. Ross and J. W. Hopewell 


CRC Normal Tissue Radiobiology Research Group, Research 
Institute (University of Oxford), Churchil Hospital, 
Oxford OX3 7LJ 


The pelvic large bowel of Iun adult rats was locally 
edad MAN ELEC Koh 23 Gy of X rays In one series, 
30 mm of including the irradiated. In 
the other, oa eo ae on the distal edge of 

10 mm proximal to the anal margin In both series, 
pri ap tr an early diarrhoea and a haemorrhagic 
proctitis, With the larger field size these reactions were 
transient; however, with the smaller irradiation volume, they 
often untl death. By 14 days after irradiation a 
> 50% contraction of the irradiated portion of rectum was 
say at d examination. 

serica of experiments, almost total denudation of 

ur ae ger ear rte This was 
closely followed mucosal ulceration. Macrocolonies were 
present 2 weeks irradiation and these increased in size 
with time; areas of ulceration become smaller but progressively 
deeper with time. An additional feature was the ingrowth of 
Te ee ee ee ee M 
This covered areas of both ulceration and 
colonies No animal lethalities were observed fan ceed ods o 
> 16 months after irradiation. This was attributed to hee 
epsdermal ingrowths. 


When the maller field was irradiated, epidermal Vic» 
was prevented and mortalities occurred In a group of Firat, 
59% were dead within 100 days after irradiation 
obstruction was seen in only 20% of these animals, whereas 
urinary-tract lesions accounted for 40% of animal] deaths. 
Ammals presenting with lenons commonly referred to as “late 
compbcations" always showed signs of a persisting acute 
mucosal reaction. Thus may have contributed to the o 
damage and, therefore, these may not be true “late effects". 


THE EFFECT OF FRACTIONED IRRADIATION ON THE RAT 
HEART 


K. R. Trott and *S. Lauk 


Department of Radiation Biology, Medical College of St ' 
Bartholomew's Hospital, London ECIM 6BQ and "Institute a 
Radiobiology, GSF, D-8042 Newkerberg, Federal Republic o 
Germany 


After the locahsed irradiation of the heart, Wistar rats may 
develop fatal cardiac failure. With increasing dose, the latency 
decreased to reach a plateau at about 15 weeks after doses of 
> 30 Gy. Even doses as low as 17.5 Gy produced cardiac 
failure im all the wradiated animals after a latency period of 
12-18 months. Fractionated irradiation was given in three, 
Pda or 10 gie fractions, each after individual beam shapin 

ction ranged from 5.5 Gy to 12 Gy In all 


epee site overall treatment time was 4 dose— 
response curves for the mean la tme to cardiac failure © 
were well defined for single doses after three fractions but 


showed considerable scatter for the five- and [0-fraction 
schedules Taking 42 weeks’ mean latency as an isoeffect, an 
a/f value of 1 Gy was calculated. 


THE RESPONSE OF THE MOUSE KIDNEY TO VERY LOW X-RAY 
DOSES PER FRACTION 


M. C. Joiner, J. Denekamp and B. D. Michael 


Gray Laboratory of the Cancer Research 
Northwood, Middlesex HA6 2RU 


Ene peg Diner ipid ace mer cele Met 
low doses of X rays has been studied a E 2T Mey mn 
of expenment Graded doses of neutro P eV) 

used to bring subthreshold X-ray di EN the measure 


range and hence obtain d nse curves Kidney 
damage after bilateral irradiation with 30 X-ra prios of 
02-1.6 Gy was assessed by in *! Cr-EDTA clearance, 


urine output and haematocnt at 6-50 weeks after irradiation. 
The best resolution was obtained at 29 weeks, with all three 
end-points. 

These data were used to test the lincar-quadratc formula as 
a description of the underlying dose-response curve. The 
model fits well down to doses per fraction of | Gy, below this 
dose there ıs an unexpected increase in the effectiveness of the 
X rays, which can also be seen as a decrease m the relative 
biological effectiveness (RBE) of 3 MeV neutrons relative to 
X rays at low doses The response to neutrons was effectively 
linear, but the RBE decreased from 10.6 to 6.6 when the dose 
per fraction was reduced below I Gy to 0.2Gy It as 
postulated that this was due to the dominant influence of a 
sensitrve population of cells at very low doses Modelling 
suggested tha 


repeated doses above 0.26 Gy transfer to a more resistant 
response is complete at | Gy per fraction. A cell kinetic 
explanation has been previously. An alternative 


hypothesis is that low radiation doses tn rigger or stimulate a 
repair system and this reaches maximum efiect at | Gy 
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CHANGES IN DUODENAL ENDOCRINE CELL POPULATION 
AND VILLOUS STRUCTURE AFTER X IRRADIATION 


M. G. Wyatt, *S. P. Hume, tK. E. Carr and 
*J. Mangold 


Department of Surgery, Bristol University, Bristol BS2 8HW 
M RC Cyclotron Unit, Hammersmith Hospital, London 
NI2 OHS and t Anatomy 7a REN, Queen's University, 
Belfast 


Gastrointestinal hormones have a well defined digestive role in 
the gastrointestinal tract. Although they are now known to have 
another equally important roie as a rg ie Apa their 
relative Importance in the maintenance of 
remains unclear. Damage to the pee rcr endocrine cell 
population .may. directly influence subsequent crypt 
morphology and villous topography The aim of study was 
to correlate changes occurnng wi the enteroendocrine cell 
po tion with subsequent alterations in epithelial structure. 

sing a combination of light and scanning electron 
microscopic techniques, both cryptal and villous epithelial 
characteristics have now been studied and compered with 
values for endocrine cells/ 

or the 


crypt Expenments were o 
using both irradiated and unirradiated groups of mice. 
irradiated groups, two time points and three radiation doses 
(6, 10 and 18 Gy) were Results indicated a significant 
drop m endocrine cell number at both I and 3 da x 
three radiation doses. At low doses, endocrine 


occurred between | ahd Jide wietces at medium aod. hi 
doses, a further decline was noted. A similar pattern was 
observed when conmdering qualitative epi surface 


changes induced by X irradiation At medium and high doses, 
severe epithelial disruption was seen within both the cryptal 
and villous compartments. At low doses, however, crypt 
ae remained constant and epithelial surface damage was 


The clinical use of electrons 


It was concluded that both villous structure and crypt 
morphology were related to changes occurring wi 
the crypta! endocrine population The exact tatüre of this 
relationship remains unclear and further work is required to 
determine the precise role of the gastrointestinal endocrine 
cells m the maintenance of normal epithelial structure. 


INFLUENCE OF CIRCADIAN RHYTHMS ON RADIOSENSITIVITY 


IN MOUSE SKIN 
B. Stadler, A. Rojas, J. Soranson and J. Denekamp 
Gray Laboratory of the Cancer Research , Mount 


Vernon Hospital, Northwood, Middlesex HA6 2RN 


It 1s well known that crcadian rhythms occur in the cell 
pom parameters of several epithelal tasues In 
umans, this has been shown to influence ther sensitivity to 
cycle-specific chemo From work /» ruro it 
would appear that the influence of cycle distribution on the 
at small doses A study of the 
radiosensitivity was undertaken using: 
five fractions of | Gy "af X ra ij ide 5 days followed by a 
vanable neutron top-up dose, equal fractions of X rays 
only (6.5-10 5 Gy/fraction), and single doses (18-30 Gy). 
Groups of & were irradiated at 1, 3, 5, 6, 7 a.m and 
5 p.m. At the same times mice were also injected with tritiated- 
thymidme to determine the labelling and mitotic indices. For 
animals irradiated at 5 and 6 a.m. with five fractions of X rays 
alone, a small increase in sensitivity (enhancement ratio 
~ 106) was found. No vanation in radiosensitivity was 
observed tn the rest of the experimental groups, suggesting no 
s jpg influence of circadian rhythm on the radiosenntivity 
of mouse skin. 


Abstracts of papers presented at the above meeting, held at 36 Portland Place, London W1N 3DG, on 


Wednesday, February 26, 1986 
Session | 


Chairman: Dr W. F. White 


The code of practice for electron beam dosimetry, by G. Pitchford 
Klevenhagen 


Physical basis of electron therapy, by S C 


Electron beam therapy ın the treatment of mycosis fungoides, by M F. Spittle 


THE CODE OF PRACTICE FOR ELECTRON BEAM DOSIMETRY 
G. Pitchford 
á eum bes à (Sf bae -a 
Cookridge Hospital, Leeds 


The code of practice (Hospital Phyncists’ Association (HPA), 


1985) for electron beam dosimetry in radiotherapy deals with: 
the calibrahon of an electron chamber agrinst a second 
standard chamber in a photon beam, the use of this chamber 
to measure depth-ionisation curves in a suitable phantom, and 
the tion of the absorbed dose to water from these 
measurements. The code recommends the use of a conversion 
factor, C,, to obtain an absorbed dose to water using an 

electron ber having an ar kerma calibration factor N, 

The conversion factor has been given a new symbo ve 
(compared with the old symbol Cp) fo Plowing the change fron 


an exposure to an air kerma calibration and the introduction 
of SI units The absorbed dose in water, D,, 1s related to C, by 


D, = RNC, 


where R, 18 the corrected chamber pau am M Ne 
where N, 1s the calibration factor of the 
chamber when irradiated in air using cobalt 60 and 
this to an 1n-phantom calibration 

The HPA code the use of two designated ionisation 
chambers for which ıt provides C, factors for measurements in 
water, Seah diay of perspex. Other, non-designated chambers 
can be used as feld instruments provided they have been 
compared with one of the two designated chambers. A 
comparison of absorbed dose factors obtained from other 
recent protocols and the previous HPA code of practice is 
presented with reasons grven for differences in these factors 


pieced 
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between the various protocols An indication of the chan 
absorbed dose due to the implementation of the new HPA 
code is given. The use of pol or perspex as phantom 
materials for the measurement o Bees coe Spo pom cn 
depth-ionisation curves ıs discussed with regard to two 
problems: ratio of ionisation readings in eU and plastic due 
to electron fluence differences in the media, and charge storage 
following irradiation in insulatmg plastics 


REFERENCE 
HPA, 1985. Code of practice for electron beam dosimetry in 
RETS py. Physics in Medicme and Biology, 30, 
Il 94 


PHYSICAL BASIS OF ELECTRON THERAPY 


S C. Klevenhagen 


Department of Medical Physics, The London Hospital, 
London El 


The clhmeal application of fast electrons in radiotherapy 
started soon after the first electron accelerators were developed 
(Skaggs et al, 1948). However, only dunng the last 15 years, 
when the linear accelerators became widely available, has the 
electron’s application developed to become an important 
radiotherapy modality (Karmmark & Penng, 1973; 
1986) The | eatures of the electron Puis that make it attractive 
in radiotherapy are related to the beam’s physical 
characterises rather than to any special radioblologecal 
effectrveness of electrons rection pie 1985). It is therefore 
essential to know and understand physical bebaviour of 
electrons during their transition through tissue in order to be 
able to utiluse properly the electron beam to tts full capacity. 
The ph phenomena associated with electrons are quite 
different from those associated with photons. Electrons are 
characterised by negative and smal] mass, which make 
them susceptible to frequent collisions. These interactions lead 
eee ee 
e BA O on ganged Nate dl ro aerei stall 
These processes provide an explanation for the 
features observed in both the central axis and 
dimensional electron beam distributions such as T ali 
absorbed-dose build-up, the peak of the distribution curve and 
the fast fall-off of the dose with depth. The latter feature is the 
most important advantage of electrons since it contributes to 
the sparing of tissue beyond the boundary of the tumour 


volume 
In climcal application, the therapeutic of an electron 
beam is vari the appropriate energy. At 


ted tumours us 
iie in the of inhomogencities needs to be 
consi Inhomogencities affect the beam absorption and 
scattering, producing considerable changes in the beam 
distribution Corrections for inhomogeneities as well as for 
body surface irregularities are best performed in sui 
des computensed treatment planning systems 
empioy computed tomography data. are at present very 
few electron beam computational models Among them the 
age-diffusion, based on the pencil beam model, aid multiple- 
coulomb-scattering models are the best. 


REFERENCES 
GREENE, D., 1986. Linear Accelerators for Radiation. Therapy. 


dam Hilger, B 
erbe af pg aren N, C, 1973 Electron linear 


accelerators for radistion therapy. Physics in Medicine and 
Biology, 18, 321—354 
KLEVENHAGEN, S8. C, 1985. Physics of Electron Beam Therapy. 


(Adam Hilger Bnsto 
M., Kerst, D W. & Lanzi, L. H., 


Scagas, L S., jen 


948. Development of the betatron for electron tberapy. 
pr end 50, 167-172 


ELECTRON BEAM THERAPY IN THE TREATMENT OF MYCOSIS 


FUNGOIDES 
M. F. Spittle 
The Middlesex Hospital, London 
Whole-skin electron beam therapy 1s an important of 
the treatment of append ds epis It was wil insect Drs 
Srur and Bewley at ospital Mycosis 


fungoides is a rare pus ede the manifestations 
deseri. oe dermatological usually for PT pis the 
natural ry o eire mdi ddl oci 

The disease was described by Alibert and, in aon the 
classical form of the disease, other variants are the 


form, poikiloderma atro and 

the MD ia a vanant. The Sezary v eee is the 
cutaneous T-cell lymphoma, although 

the 2 CU OLG rary Syne eee 


mycosis dur sda 

Differing forms of therapy are appropriate at the vanous 
pet eerie etna For an initial protracted od 
eczematous-hike process can be controlled with 
steroids, emollients or ultraviolet light. When the 
becomes more infiltrated, d hoe therapy should 
be instigated In some centres pa pa le reliance 1s placed 
on the efficacy of topical nitrogen mustard treatment. Thus 
entails diluting mustine in water and sprea the solution 
over the skin daily or several times a week 1 a time- 
consuming and expensive procedure and results in a high 
incidence of sensitization Mustine can now be produced in an 
emulsifying ointment which is easier to apply In Great Britain 

the treatment of Wi eyes mycosis fungoides 

Psoralen-ultraviolet-A (PUVA) thera Eus he been investiga 
Psoralen 1s used as a sensitiser to UVA and the patient receives 

treatment initially two or three times a week This therapy ma 
be maintained on a weekly or fortnightly bass, during Anpe 
time the skin becomes pi ted. For those patients for whom 
topical nitrogen m or PUVA therapy 1s not sufficient to 
prevent the disease becoming more inflitrated and for those 


who present with widespread tumour-stage mycosis fi 


weeds ri is the treatment of choice. The 4 Me 
beum decelsmted | carbon and through a gold 
scatterer, producing a which at 6 m is able to treat the 


whole of a standing patient. The patient is off-centred to the 
mam axis of the beam to minimise X-ray contamination. The 
paucar 1$ treated with an exght-field technique twice weekly, 
our i a0 cay tance weekly Gon the ‘sccacaisies 
approximately cGy twice weekly from the accumulated 
dose from the eight fields. The treatment is contmued for 5 
iiem pona a total of 3000 cGy. ee head may be 
Had eee ee SE Y duce apa 
prevent temporary on w Oliow 
Site Te eub M ad UE eee 
, will be shed. The 8094 depth dose of the beam 
reaches approximately 1 cm, which 1s appropriate for most 
clinical situations. Patents with more aggressive tumours and 
with disease in areas not treated by this eight-field technique 
have further top-up doses with low-energy X rays This is a 
most successful treatment. No emi symptoms are noted 
and there 1s no haematological abnormality follo electron 
beam therapy. Almont all patients have their disease cleared by 
the treatment and maintenance therapy with PUVA or topical 
nitrogen mustard is helping to continue these remissions. The 
rtance of n beam treatment in mycosis 
goides is Roco eso uicapy Aube nem bor ol 
in general, resistant to chemothera the number of 
patents with mycosis fungoides 1s ASTE it 1s con that 
some centres have apperatus dedicated to this treatment 
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Session ll 
Chairman: Dr W. F. White 
An overview of high-energy electron equipment, by K. Larkin 


Quality assurance for electron beam therapy, by P. C Wilhams 
Some clinical uses of electron beam therapy, by T. G. Landberg 


AN OVERVIEW OF HIGH-ENERGY ELECTRON EQUIPMENT 
K. Larkin 


M E.L , Radiotherapy Divusion, Manor Royal, Crawley, 
West Sussex RHIO 2PZ 


The limited use of electron fields may be related to difficulties 
in both treatment planning and treatment delivery. Various 
beam colhmation systems are discussed to see how each of 
these compare with a number of idealised requirements. Of 
those systems a the optimal scatter system would 
appesr to meet the paulus ts and offer the 
flexibility for ps dose distribution modelling to specific 
target volumes 


QUALITY ASSURANCE FOR ELECTRON BEAM THERAPY 
P. C. Williams 
Christie Hospital, Manchester 


Quality assurance for electron beam therapy is not a new 
subject but ıs, and has been, cesential in the development of 
safe and effective radio . It 15 a process which starts 
before a machine is o ‘and which should continue 


throughout its clinically useful life. The first part of quality 
assurance is to focus the specification of equipment on those 


arcas which are t The second involves 
detailed performance t ao followed 
by & regular of performance tests to ensure that 


programme 
the equipment is maintained within specification. These tests 
must be carried out at frequent intervals for each of the 
electron energies used. It is therefore essential that tests are 
both sensitive and pa alin Simple tests for stability of dose 
delivery, field flatness, baie ae irse RN, 
contamination are described. F physicists, who are the 


group identified to be best suited to carry out the quahty 
assurance programme, have to be continuously aware of how 
se Uy a e 1 ah Sci lr Pd 

out withm the limitations of the equipment and the 
physical principles of electron beam therapy, and so that the 
testing of the equipment, which is seen as a feedback 
mechanism, can be appropriate to the treatments being carned 
out. 


SOME CLINICAL USES OF ELECTRON BEAM THERAPY 
T. G. Landberg 


Department of Radio and rii University 
Hospital, §-214 01 Malmö, S 


Experience, up to now, with electron beams of energies ranging 
from 4 to 45 MeV, being produced by betatrons, linacs, or 
microtrons, has shown that electron therapy ma be useful in 
certain clinical situations Low energies (4—7 MeV) have been 
used in the therapy of skin tumours the chest wall after 
mastectomy. Electrons of somewhat higher energies 
(10-12 MeV) may be considered in the therapy of hp cancers, 

recurrences, and as a boost in breast cancers For 
the trentment of internal mammary nodes, at kast 14 MeV 
electrons are needed. Energies in the range 20-25 MeV may be 
useful in many ear, nose and throat tumours, e.g. carcinoma 
of the parotid gland. Higher energies (25-45 MeV) have so far 
been used very little, but may be conmdered m some j 
tumours Improvements are needed, including better and 
electron beams (dual scattering foils, thin ionisation chambers, 
scanning beam electrons), more flexible collimating systems 
multileaf collimators), and better dose 


on, for exam iter beam algorithms). With such 
ts, 


ajra Sa a ele ea pes 
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Clinical Diagnostic Ultrasound Ed. by Elis Barnett and Pat 
Morky, pp. 616, 1985 (Blackwell Scientific Publications, 
Oxford), £120. 

IBN 0—632-00897-0 

This book should have been a classic. Edited by two of the 
most eminent sonographers in the United Kingdom, it draws 
on the expertise of some of the foremost workers in ultrasound 
in the UK and Australia The book was to cover the whole 
gamut of ultrasound imaging in a single volume. The text is 
informative as well as being readable and concise It is 
therefore dismaying and depressing that a book of such 
magnitude and authonty should appear so hopelessly out of 
date. While it is accepted that, particularly with a multi-author 
text, there will be delay in publication, it appears that the delay 
in this case bas been a full 5 or 6 years. The most recent 
references in some of the sections are to articles written in 
1977. Some of the authors have clearly made a valiant attempt 
to bring their texts and references up to date, but these 
attempts are made obvious by the haphazard nature of some 
of the references. Other sections are clearly more current, 
indicating either that they have been completely revised during 
the preparation of the book or that they were submitted later, 
thus contributing to the delay ın its appearance 

Images throughout the book, although well reproduced, do 
not demonstrate current equipment capabilities and most are 
derived from static compound B-scanners While the use of a 
static compound B-scanner should not in itself be crityicised 
when a large field of view is needed, the images reflect the age 
of the text since real-time scanners are described as new and 
unlikely to replace static B-scanners in the production of 
detailed diagnostic mages. 

The text contains much to recommend it. Although the 
introduction of real-tume scanning has modified techniques, 
optimal scan planes have changed but little. The careful 
description of salient points of anatomy together with a 
consideration of tissue pathology and the effect this has on the 
ultrasound images represents, in my view, the proper approach 
to diagnosis by ultrasound. Similarly, consideration of other 
methods of image production, as exemplified by the section on 
the thyroid, demonstrates clearly the interaction of ultrasound 
with other diagnostic radiological procedures. 

Finally, however, I am left with the feeling that I wish 1 were 
reviewing this book m 1981, in which case by now I should be 
eagerly awaiting a new edition, but I wonder whether the 
authors or indeed the editors will have the heart to embark 
upon a new edition after the frustration that this one must 
have caused. This book must have been at least 7 or 8 yeers in 
the making and that, sadly, m ultrasound is too long a 
gestation 

P A DUBBINS 
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BIR Welsh Branch: 1986 Spring Meeting 


The Spring Meeting of the Welsh 
Branch of the BIR was held at Prince 
Charles Hosprtal, Merthyr, on Saturday, 
June 4, 1986. Dr John Parker was the 
organiser and chairman of the meeting 
and the theme of the symposium was 
unnary infection in children Abstracts 
of the lectures are grven below 

The 1986 Autumn Meeting of the 
Welsh Branch will be held at the 
University Hospital of Wales, Cardiff, on 
Saturday, November 8, 1988 


Modica! aspects 
Kate Verner Jones, Paediatric 
Nephrologist, Cardiff 


Bactenal infection of the unnary tract is 
ona of the commonest childhood infec- 
tions. Unnary-tract infections often start 
in. the first year of ife, when there is 
also the greatest nsk of developing renal 
scarring, particularly H veeico-ureteric 
reflux is present in infants, symptoms 
are not related to the urinary tract and 
the collection of unne samples is 
difficult, so that the diagnosis is oaslly 
missed Earty treatment may reduce the 
nsk of renal damage  Subeequent 
investigation of the unnary tract is 
primarily to exclude obstruction, which 
occurs in 5% of children with proved 
Infection It is also helpful to document 
the presence of renal scamng, which ts 
aseociated with a reduction. in 
glomerular filtration rate and an 
increased nsk of hypertension The 
presence of vesico-uretenc reflux will 
influence the management of the 
younger child, but the best way to 
manage children wrth this condition is 
still under investigation Wrth reliable 
renal ultrasound, the need for intra- 
venous pyelography is reduced Doubts 
about the benefit of uretenc re- 


implantation have reduced the need to 
undertake micturating cystography, an 
Investigation which is often upsetting 
for the child and then drfficult to 
undertake 


Surgical aspects 
J Lan, Paediatnc Surgeon, Cardiff 


In a child wrth urinary infection, rt Is 
Important to show the clinician whether 
there are any abnormalities in. the 
unnary tract that require surgical inter- 
vention or careful follow-up At the 
same time, ovennvestigation should be 
avoided. The clinical findings play an 
important part in determining the timing 
and the order of vanous radiological 
Investigations It 18 important to exclude 
obetruction in the unnary tract at an 
early stage, as this needs early surgical 
intervention 

in children over the age of 6 years 
with unnary infection there is Irttle risk 
of scaring of the kidneys The first line 
of investigation is usually a radiograph 
of the abdomen to exclude renal calculi, 
followed by an ultrasound scan of the 
urinary tract H this is normal, the child 
is followed up, otherwise an intraven- 
ous urogram is performed and, if 
necessary, other investigations such as 
micturating cysto-urethrography or 
radionuclide renography. In children 
under 6 years, a plain abdominal 
radiograph and an ultrasound scan may 
be followed by an intravenous urogram 
(GVU) or a micturating cysto-urethro- 
gram or both, depending on the find- 
ings. Radionuclide studies are per- 
formed rf neceesary |f obstruction is 
suspected, then a DTPA scan with Lasix 
(Hoechst UK Ltd) not only confirms 
obstruction but gives a differential 
function of the kidneys In the case of 
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vesico-uretenc reflux, a DMSA scan is 
performed to look at the cortical map, 
the renal tubular-cell mass, as well as 
the differential function of the kidneys 
In very young infants (under 3 months), 
the radionuclide studies are often per- 
formed before the IVU, as the kidneys 
do not always sufficiently concentrate 


. the contrast medium. 


The young infant preeenting with 
unnary infection often has a com- 
plicated congenital anomaly It ıs 
important in these cases to discuss the 
patent with one's radiological 
colleague to decide how best to pro- 
ceed with the radiological investigation 


Re&diologloa! investigations 
T. Sherwood, Professor of Radiology, 
Cambndge 


A unnary infection i$ a common event 
in childhood. There is a natural desire 
by parents and doctors that a normal 
urinary tract without veerco-ureteric 
refiux should then be documented wrth 
complete certainty. Even in an Ideal 
world this would be much resented by 
the patients, since a routine cystogram 
would be required. The pay-off from 
such strategies is poor, and the scope 
for effective medical intervention 
limited Stonee and drainage anomalies 
are the important and _ correctable 
abnormalities that must be found, and 
various diagnostic tactics were dis- 
cussed for different age groupe. 


Ultrasound investigations 
Tina Hayward, Senior Lecturer in 
Radiology, Cardiff 


Ultrasound plays an important role in 
the inrtial investigation of urinary-tract 
infection in childhood. A high- 
frequency real-tme sector scanner is 
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used. Sedation is never necessary, 
although adequate time spent explain- 
ing the investigation to older children is 
beneficial. The only preparation neces- 
sary is to ensure the bladder is full 
whenever feasible 

The normal renal appearances were 
considered in terms of central sinus 
echoes, cortical echogenicity and 
medullary pyramid echogenicity and the 
varying features throughout childhood 
were demonstrated. The pitfalls 
encountered were also discussed. The 
abnormalities expected were classified, 
reflux and obstruction being the most 
common underlying causes of infection, 
and illustrative examples were shown. 
The importance of recognising renal 
anomalies was stressed. The paper 
concluded with a recent review of the 
ultrasound findings in 60 children 
presenting with urinary-tract infection. 
The 16 abnormalities encountered were 
described and discussed. It was 


emphasised that scans of the highest 
quality should be obtained and if 
considered abnormal, equivocal or 
inadequate, further radiological assess- 
ment is necessary. 


Radionuclide studies 
Helen Carty, Paediatric Radiologist, 
Liverpool 


The two main radionuclide investiga- 
tions in urinary-tract infection are renal 
imaging with Tem dimercaptosiccinic 
acid (DMSA) and radionuclide cysto- 
graphy. The problems of when to use 
radionuclide investigations and why 
and where they should be used were 
addressed. It was suggested that where 
facilities were not available on site, it 
was comparatively easy to arrange a 
session for paediatric patients which 
would improve the facility and accept- 
ability of studies, both for nuclear 


medicine staff and for paediatricians. 
Technical aspects of scanning children 
were briefly discussed. The varying 
appearances of renal damage due to 
reflux and some of the pitfalls in 
interpretation were described. The 
indications for DMSA scanning are: 
known abnormality on intravenous uro- 
graphy or known reflux, breakthrough 
infection, pre-operatively, renal ectopia, 
follow-up, and baseline and follow-up 
assessment of children with neuro- 
pathic renal disease. 

The technique of radionuclide cysto- 
graphy by both direct and indirect 
methods was described. It is still not 
acceptable as the primary investigation 
in small children in Britain due to the 
poor anatomical detail, but it is now the 
first choice in older children and in all 
repeat cystography. lts sensitivity is 
much greater and the radiation dose 
much less than those in conventional 
micturating cysto-urethrography. 





The new 
President 


Professor Roger Berry, the Institute's 
new President, was born in New York, 
where he did his first degree, in physics 
and biology, at New York University 
and entered the radiological world as a 
very junior physicist in New York's 
Hospital for Joint Diseases where, 
under the direction of the late Dr Milton 
Friedman, the first 2 MV air resonance 
transformer X-ray generator for clinical 
radiotherapy was installed. He moved 
to Duke University, Durham, North 
Carolina, for medical training, qualifying 
in 1958. He came to Oxford to work 
with Dr Frank Ellis, but was recalled for 
US military service, spending 2 years at 
the National Institutes of Health, 
Bethesda, where his major contri- 
butions were the development of in- 
vivo mammalian systems for measuring 
survival of tumour cell reproductive 
capacity and the application of these to 
understanding biological effects of fast 
neutrons and charged particles, as well 
as understanding such phenomena as 
effects of radiation dose-rate and dose 
fractionation. He also made contri- 
butions to understanding interactions of 
radiation and the effects of cytotoxic 
drugs. 

Having returned to Oxford in 1962 to 
succeed Dr Laszlo Lajtha as Head of 
the Radiobiology Laboratory at the 
Churchill Hospital, and having com- 


pleted his D.Phil at Magdalen College, 
he became a British national and joined 
the Royal Naval Reserve. There his 
career took him unexpectedly to 
extended service in nuclear submarines. 


Professor R. J. Berry 


He was recently promoted Surgeon 
Captain and will shortly become the 
Principal Medical Officer (Reserves). 
He moved from Oxford to the Medical 
Research Council Radiobiology Unit, 
Harwell, as Head of Neutrons and 
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Therapy-Related Effects Laboratory and 
then to the Middlesex Hospital as 
Professor of Oncology in 1976. As he 
was, at the time, pursuing laboratory 
science, he was the non-medical 
Secretary of the Institute from 1970 to 
1973, but he will now be a medical 
President. He has just completed his 
year as President of the Radiology 
Section of the Royal Society of 
Medicine. 

He was elected a Commissioner of 
the International Commission on Radio- 
logical Protection in 1985 and is a 
member of the National Radiological 
Protection Board, the MRC Committee 
on the Effects of lonising Radiation 
(and Chairman of its Radiobiology Sub- 
Committee), the DHSS Committee on 
the Medical Aspects of Radiation in the 
Environment, and the Department of 
the Environment's Radioactive Waste 
Management Advisory Committee, hav- 
ing served on Sir Douglas Black's 
enquiry on Sellafield. He is at present 
Vice- Chairman of the British Committee 
on Radiation Units and Measurements 
and is Chairman of the Scientific 
Advisory Committee of the Thames 
Cancer Registry, which was created in 
1985 to serve the four Thames regions. 

He married his wife, Valerie, a radio- 
grapher, in 1960. His hobbies include 
an unquenchable passion for sailing, 
jazz music, and an enthusiasm for the 
Institute which has taken him through 
the secretaryship and/or chairmanship 
of several of its committees and over 13 
years on its Council. 
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Obituary 


Curt Westman 


Curt Westman, Honorary Member and 


friend of the British Institute of 
Radiology, died in Stockholm in July at 
the age of 72. 

Many British radiologists will 
remember Curt Westman with affection 
for his friendship, his cultured charm, 
his kindliness and his generosity, but 
none more so than those registrars who 
gained their first radiological experience 





overseas in his Stockholm clinic. For it 
was he who was personally responsible 
for the Westman scholarships awarded 
over the last 25 years by the Institute to 
enable young British radiologists to visit 
Sweden and to spend time not only 
working with him, but also observing 
and experiencing the stimulating 
atmosphere of Swedish radiology. The 
lasting professional value of these visits, 
together with memories of the personal 
warmth of the hospitality offered by 
both Dr and Mrs Westman, form the 
common thread of experience shared by 
those fortunate visitors over the years. 
Curt Westman was born in Västerås 
and graduated from medical school in 
Stockholm in 1944, He trained in 
radiology, both in the Seraphimer 
Hospital, where he worked with Erik 
Lindgren and others, and at the 
Karolinska Institute between 1944 and 
1955. In the late 1950s and early '60s 
he established, somewhat against the 
odds, the Vallingby Clinic, a private 
institution, unusual in Sweden. The 
concepts and design of this clinic 
enabled him to demonstrate his remark- 
able planning abilities and to produce a 
facility which has been a model of 
efficient and kindly radiological prac- 
tice. The clinic, with its interdisciplinary 
links and its own subway station for 
easy access, enabled him to pursue his 
objectives of efficient patient care with- 
out compromise in technical standards. 





Curt Westman was truly a man for all 
seasons—doctor, businessman, bon 
viveur, bibliophile and antiquary. He 
had a rare ability to extract the best 
things from life to share with others; a 
true life enhancer. An enthusiastic car 
driver, he travelled all over Europe in 
both large and small vehicles, liaising 
with industrial colleagues, exploring 
radiological possibilities and establish- 
ing new friendships wherever he went. 
He frequently visited Britain and was a 
regular attender of BIR meetings and 
the Annual Congresses. He took 
particular pleasure in the Honorary 
Membership of the Institute awarded in 
1978. He was especially thrilled to take 
part in the official opening, by Her 
Majesty the Queen, of 36 Portland 
Place in 1982. 

While retaining his interests in radio- 
logical practice, especially mammo- 
graphy, and in technological develop- 
ments to the end, he was just beginning 
to enjoy semi-retirement when he 
developed his fatal illness. | had the 
personal privilege to be in Stockholm 
the week before he died and to visit him 
in hospital. He was looking forward to 
receiving another registrar this year and 
we reminisced with pleasure about 
lovely spring days in England. 

To Barbara, his wife, and to his 
children, Lars and Eva, the Institute 
extends its deepest sympathy. 

IAN ISHERWOOD 





Pioneers and Early Years: 
a history of British 
radiology 


This book, by E.H. Burrows, traces 
Rontgen's experiments in 1895 and the 
British reaction to his announcement of 
"the new sort of rays", subsequently 
called X or Rontgen rays. The first 
experimenters are named, including the 
doctors who pioneered the introduction 
of X rays into clinical use in Britain. 
Early apparatus makers, mostly optical 
instrument makers, and their machines 
are described and illustrated. The 
growth of radiology as a medical 
specialty up to 1930 is outlined, includ- 
ing the early societies, the Cambridge 
D.M.R.E. diploma and the establish- 
ment of the British Institute of Radio- 
logy. The Archives of Clinical 
Skiagraphy (1896) was the first radio- 
logical journal in the world, and the 
Rontgen Society (1897) was the first 
X-ray society; each continues to flourish 


to the present day as the British Journal 
of Radiology and the Institute. A 
separate section deals with the first 
military use of X rays in campaigns on 
the Nile, the North-West Frontier and 
South Africa. The final chapter records 
the mutilation and suffering of the early 
victims of X irradiation and the first 
counter-measures, and lists the British 
names on the Martyrs’ Memorial in 
Hamburg. A feature of the book is the 
biographical sketches of the early 
pioneers, which add topicality and a 
personal interest to the story. 

Published by Colophon Limited, pp. 
264 + index, 1986, price £32.50. ISBN 
O 95116760 x. 


Press releases 


Annual meeting of the RSNA 
Radiologists from around the world are 
expected to attend the 72nd Scientific 
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Assembly and Annual Meeting of the 
Radiological Society of North America 
(RSNA), scheduled for November 
30-December 5, 1986, at McCormick 
Place in Chicago. This year's meeting 
will feature presentation of more than 
1000 scientific papers covering nine 
radiological subspecialties and more 
than 319 scientific exhibits. 

Honorary memberships will be pre- 
sented to: Dr  Hikoo  Shirakabe, 
Professor of Internal Medicine, School 
of Medicine, Juntendo University, 
Tokyo, Japan; Dr Jacqueline Vignaud, 
Chief of Service, Radiology Depart- 
ment, Foundation de Opthalmologique 
A. de Rothschild, Paris, France; and to 
Dr Bjorn E. W. Nordenstrom, Professor 
of Radiology, Karolinska Institute, 
Stockholm, Sweden. 

Among high points of the programme 
will be Dr McCort’s presidential 
address, which will discuss the chang- 
ing patterns of trauma care, and the 
Arthur W. Erskine Lecture by Dr Robert 
G. Parker, Los Angeles, who will speak 
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on precision In the diagnosis and 
treatment of cancer 

Other special seesions and courses 
will focus on spinal and breast imaging 
and radiation therapy — treatment 
planning. An overview of key innova- 
tions tn radiology during 1986 will be 
given by Dr Stanley S. Siegelman, 
Baltimore, edrtor of Radiology, the 
official journal of RSNA 

A joint symposrum of RSNA and the 
Amencan Association of Physicists in 
Madicine will be devoted to progress in 
magnetic resonance spectroscopy 
Radiolabelled antibodies for diagnosis 
and treatment will be the subject of the 
Eugene P. Pendergrass New Horizons 
Lecture given by Dr Steven M. Larson, 
Bethesda 

in view of the increasing use of 
nuclear energy, another special pro- 
gramme will be "Nucleer Reaction 
Accidents, Radiation Injury, and the 
Role of the Radiologist’ to be con- 
ducted by Enc J Hall, PhD, Depart- 
ment of Radiology, Radiological 
Hesearch Laboratory, Columbia 
University, New York. 


3M laser Imager sets new 
standards 
The new 3M Laser imager [s now fully 
available and establishing a new 
standard for quality and productivity in 
diagnostic Imaging 

Image quality far superior to that 
possible with. cathode-ray tube type 
multrformat cameras is provided by the 
3M Laser Imager. The use of an IR 
semiconductor laser diode —totally 
eliminates problems such as phosphor 
noise, geometric distortion and monitor 
drifting, normally expected with con- 
ventional multrformat cameras. One, 
four, sıx or 12 images, containing up to 
4000 x 5000 x8 bit pixels, may be 
recorded on a single sheet of film 
35 cm x 43 cm, thus allowing up to 2566 
grey levels for each pixel Esch image 
can be placed in any position on the 
film, with negligible acquisrtion time to 
facilitate "quick" software packages 


Images can also be erased and 
relocated. 
Black or clear borders between 


images are possible The user may 
prefer to select black borders to reduce 
glare and eye fatigue, at the same time 
Increasing sensitivity to image detail 
The 3M Laser Imager houses a 
digital, random access memory system 
Multiple onginals can be produced very 
simply, by setting the automatic image 
counter Each original produced will be 
identical to the next Loss of image 


quality and time-consuming routines, 
associated with conventional — film 
storage and duplication, can therefore 
be eliminated Digrtal electronics are 
used to magnify images to the required 
sizes, thus avoiding the problems and 
improving the quality associated wrth 
conventional optics Both "smooth" 
(interpolation) and "sharp"  (replica- 
tion) image-display methods are avail- 
able 

Remote contol is a standard feature 
of the 3M Laser Imager. The operator 
keypad can be located up to 200 feet 
away from the imager. Control by 
sources such as computed tomography 
or magnetic resonance systems can be 
implemented through a standard 
RS232/422 senal interface 

The imager magazines will hold up to 
126 sheets of film, preventing the need 
for continual loading of indimidual 
cassettes The unit may also be linked 
directly to a film processor 3M Laser IR 
Film (patent applied for) has been 
specifically designed for use with the 
3M Laser Imager. Its infra-red sensitive, 
silvor-halide emulsion is totally com- 
patible wrth the infra-red emission. of 
the laser and has been specially 
developed by 3M to eliminate inter- 
ference pattems caused by reflected 
light Unlike other infra-red sensitive 
films, 3M Laser IR Film dose not require 
special refngerated storage conditions. 

3M has worked very closely with 
major equipment manufacturers on 
interface requirements The 3M Laser 
Imager can be supplied via an imaging 
system manufacturer as part of an 
Installation specification or directly from 
3M United Kingdom PLC The 3M 
Laser Imager has been designed to 
accommodate future advances in Image 
receptor systems. The unit i$ easy to 
upgrade, with memory expansion 
possible by simple addition of memory 
boards Analogue links are available 
where needed and the 3M Laser Imager 
may also be retrofitted to existing 
installations to improve image quality 
3M technological developments will 
facilitate multimodality input to one 
laser imager. 

Further details. 3M United Kingdom 
PLC, 3M House, PO Box 1, Bracknell, 


Berkshire RG12 1JU (Tel. 0344- 
426 726) 

Multiple-frequency hand-held 
Doppler scanner 


The Pocket-Dop II™, manufactured by 
Imex Medical Systems is the first hand- 
held Doppler scanner to offer the 
convenience and versatility of Inter- 
changeable probes. One small Instru- 
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ment can be used in over 40 vascular 
and obstetnc applications. Choose the 
b MHz or 8 MHz probe to screen for 
penpheral vascular disease such as 
arteriosclerosis, venous thrombosis and 
cerebral vascular Insufficiency Switch 
to a 2 MHz or 3 MHz obetetnc probe to 
determine fetal weil being and reassure 
the expectant mother 

The Pocket-Dop II™ features a bulit- 
in speaker with insertable earphones for 


` prvate monitonng, an improved, longer 


cord for easier use, a convenient 
rechargeable 110 or 220 V battery and a 
sturdy carrying case with an improved 
latch for added safety. Probes are now 
labelled for quicker identrhcation The 
5-year parts warranty is unmatched in 
the industry, and a new service 
warranty is avallable after the manufac- 
turers warranty lapses. For more 
information contact Imex Medical 
Systems, Inc, 6355 Joyce Dr., Golden, 
CO 80403, USA (Tal. toll-free 800-526 
2519). 


Magnetic resonance Imaging 
health and safety 
The magnetic and radio-frequency (RF) 
fields associated with magnetic 
resonance imaging (MRI) are a source 
of unique and largely unexplored health 
and safety concems. Recently, the 
growing populanty of this naw medical 
diagnostic tool has led more and more 
researchers to take a close look at rts 
potential health effects and prompted 
health officials in the US, as well as 
abroad, to establish safety guidelines for 
Its use 

A special report by the editors of 
Microwave News, a newsletter based in 
New York, on the effects of non- 
ionising radiation exhaustively surveys 
the lateet research findings from this 
growing body of literature This new 
publication, NMR Imaging Health and 
Safety: an annotated bibliography, by 
Lous Slesin, PhD. and Amy 
Rosenberg, M P.H., provides indmidual 
summaries of more than 60 citations 
from major scientific journals, books, 
trade publications and conference 
papers. It covers general reviews of 
health and safety issues, recommended 
guidelines for patent and operator 
exposures, blological effects of the 
magnetic and RF flelds, cardiac pace- 
maker interference, Implant and other 
ferromagnetic hazards, and site 
planning for NMR tmager installations. 

The report is available for $18.95 from 
Microwave News, PO Box 1799, Grand 
Central Station, New York, NY 10163. 
Only pre-paid orders will be accepted 
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Library news 


The BIR Library is open weekdays 
9 a.m.-5 p.m. (7 p.m. on 
Thursdays) 


The Librarian, Mrs Gunnel Ingham, is in 
attendance Tuesdays 11a.m.-5p.m., 
and Thursdays 11 a.m.-7 p.m., and Mrs 
Angela Lansdown, daily 9a.m.-5p.m. 
(Tel. 01-580 4085). 

The journal stock includes more than 
100 titles. Though journals may not be 
taken out of the library, there is à 
photocopy service, also available by 
post, A list of current journals 1s 
available on request and is also 
published in the March and September 
issues of the Bulletin. 

Most books (excepting the historical 
collection) are available on loan. 


Recent additions to the Library 

Ansell, G; Radiology of adverse 
reactions to drugs and toxic hazards. 
1985 

Baert, A. L, et al (Eds): Frontiers in 
European radiology. Vol. 3. 1984 

Fischer, A. Q., et al: Paediatric neuro- 
sonography: clinical, tomographic 


and correlates. 
1985 

Holman, B. L.: Radionuclide imaging of 
the brain. 1985 

Hope-Stone, H. F. (Ed.}: Radiotherapy 
in clinical practice. 1986 

ISRRT: Quality control handbook. 1986 

NCI Monograph No. 70: Forty-five 
years of cancer incidence in 
Connecticut: 1935-79, 1986 

NCRP Report 58: A handbook of 
radioactivity measurements and 
procedures. 2nd edit. 1985 

NCRP Report 80: Induction of thyroid 
cancer by ionizing radiation. 1985 

Sharp, P.F.; Dendy, P. P. & Keyes, W. L: 
Radionuclide imaging techniques. 
1985 

Sovak, M. (Ed.): Radiocontrast agents. 

Handbook of experimental pharma- 
cology. 73. 1984 

Stockley. S. M: A manual of radio- 
graphic equipment. 1986 

Thakur, M. L. (Ed.}: Radiolabeled 
cellular blood elements. Pathophysio- 
logy, techniques and scintigraphic 
applications. 1985 

WHO (Scientific Group): Future use of 
new imaging technologies in 
developing countries. 1985 
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BIR calendar 
events 


Unless otherwise indicated, enquiries 
about the following events should be 
addressed to the Assistant Secretary: 
Programme, British institute of 
Radiology, 36 Portland Place, London 
WIN 4AT (Tel. 01-580 4085). 

The meetings are at 36 Portland Place 
unless otherwise stated. Attendance ts 
open to non-members. 


Diagnostic and Therapeutic Uses 
of Radioisotopes in Oncology 
November 26, 1986 at 10.30 a.m. 

Ail day meeting organised by Nuclear 
Medicine Subcommittee. 

Chairmen: Professor R. J. Berry and Dr 
R. T. D. Oliver. 


Practical Aspects of Magnetic 
Resonance Imaging 

January 14, 1987 at 9.30 a.m. 
Middlesex Hospital Medical School, 
London 

Chairman: Professor |. isherwood. 
Speakers: Dr M. Smith, Dr G. Bydder, 
Dr B. Kendall, Professor |. Isherwood, 
Dr J.P.R. Jenkins, Professor B. 
Worthington and Professor J. J. K 
Best. 

Joint BIR/RCR meeting. 


Uroradiology Update 

January 15, 1987 at 5.30 p.m. 
Chairman: Dr D. Rickards. Speakers: Dr 
D. Rickards, Dr J. Pemberton, Dr 
C.E, L. Freer, Mr G. Watson, Dr R. 
Johnson, Dr W. Lees, Professor D. J. 
Allison. 

Joint BIR/RCR/RSM meeting. 


Radionuclide Investigations of the 
Lung 

February 11, 1987 

Joint IPSM/BIR (Nuclear 
Subcommittee) all day 
organised by IPSM. 


Medicine 
meeting 


All day non-topic proffered papers 
meeting 

February 13, 1987 

Joint ARR/BIR (Radiobiology 
Subcommittee) meeting organised by 
the Association for Radiation Research. 


Picture Archiving and 
Communications Systems 

February 25, 1987 

Venue to be announced 

Chairman: Professor | Isherwood. 
Topics will include image display, 
image transmission and image storage. 
All day meeting organised by Industry 
Committee. 


Annual General Meeting 
May 14, 1987 at 4.30 p.m. 
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| Advance Notice 
| British Institute of Radiology 45th | 
; Annual Congress, incorporating the 
| joint. BIR/RCR/RSM (Section of 
, Radiology) spring meeting 


| RADIOLOGY '87 


| University of Southampton 
: April 1-3, 1987 


. The Congress will cover all aspects | 
of radiology—X-ray diagnosis, 
radiotherapy, radiation oncology, | 
| nuclear medicine, ultrasound, NMR, | 
| radiological physics, radiobiology. - 
| radiation protection and related dis- - 
| ciplines and is expected to include: 


| The BIR Mackenzie Davidson | 
|! Memorial Lecture, by Professor M. J. | 
| Peckham, "The clinical biology of | 
| testicular germ cell tumours" | 
| The BIR Mayneord Lecture (spon- | 
: sored by 3M UK plc), by Dr Frances | 
| Fry, "Chernobyl reactor accident— | 
| the impact on the United Kingdom" | 
| The RCR George Simon Lecture, by | 
| Dr J. C. Batten, "Radiology and — 
: cystic fibrosis" | 
| The BIR Presidential Address, by | 
Professor R. J. Berry, "The Institute | 
at 90—a time for reappraisal?” | 


The BIR Annual Dinner will be | 
held at the Polygon Hotel, - 
Southampton, on April 2. | 


Proffered papers and posters are - 
invited. Please apply to BIR for form. | 
Absolute closing date for receipt of | 
completed proffered paper forms is | 
November 30, 1986. 

For further information please . 
| apply to the Assistant Secretary: | 
Programme, The British Institute of - 
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Radiology, 36 Portlana Place, 
| London. WIN 4AT (Tel 01-580 | 
| 4085). | 


imaging in Radiotherapy 

May 15. 1987 

Chairmen. Dr D. Thwaites and another 
to be announced. 
Joint !PSM/BIR all 
organised by IPSM. 


day meeting 


Dysphagia and Disorders of 
Swallowing 

May 20, 1987 

Royal Society of Medicine, London 
Joint RSM/RCR/BIR all day meeting to 
be organised by the RSM. 


Conversazione 
May 20, 1987 
Royal Naval College, Greenwich 
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Meetings and 


Courses 


As a service to our readers, tho tithe, 
date and place of meetings and contact 
address will be inserted free of charge 
any additional information will be 
charged at £1 75 per printed line, per 
insertion. Please contact the Managing 
Editor 


Asian Regional Conference of The 
International Organisation for 
Medical Physics 

December 8-12, 1986 

Bombay, India 


Further details: Organising Secretary. 


Asian Regional Conference on Medical 
Physics 1986, Association of Medical 
Physicists of India Drvision of Radlo- 
logical Protection, Bhaba Atomic 
Research Centre, Bombay 400 085, 
India 


The British Medical Ultrasound 
Society 18th Annual Sctentific 
Moeting 

December 16-18, 1986 

University of Warwick, Coventry 
Further details: Mrs L. Blench, General 
Secretary, BMUS, 36 Portland Place, 
London W1N 3DG (Tel 01-638 3714). 


Chest Rediology 

January 12-16, 1987 

San Diego, Calrfornia 

Further detaily R Dawne Ryals, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel. 404-641 9773). 


Annual Update on Nuolear 
Radiology 

January 16-18, 1987 

San Diego, California 

Further details. R. Dawne Ryals, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tel. 404-641 9773). 


Reactor Accidents: what 
Chernobyl has taught us 

January 28, 1987 

City Conforence Centre, London 
Further details: Professor J. H Martin, 
Department of Medical Biophysics, 


Building 16, Park Wynd, University of 
Dundee, Dundee DD1 4HN. 


2nd International Sympoelum on 
Magnetic Resonance Imaging: 

MR ‘87 

January 29—-February 1, 1987 
Garmisch- Partenkirchen, West Germany 
Further details: Sekretariat Professor Dr 
J.  Lissner — Radiologische — Klinik, 
Klinikum Grosshadem, Marchioninistr. 
15, 8000 Munchen 70, Weat Germany 
(Tel 089-7095 2750). 


6th Annual Winter Congress In 
Medioal Diagnostic imaging 
January 31—Fobruary 7, 1987 

Cortina D'Ampezzo, Italy, and 

6th Annual Winter Seminar in 
Medical Diagnostic Imaging 
February 7-11, 1987 

London 

Further details Winter Seminar, Medical 
Seminars international, 21915 Roecoe 
Boulevard, Suite 222, Canoga Park, CA 
91304, USA (Tel 818-701 5143) 


Radiology: Imaging and 
Intervention 

February 2—6, 1987 

San Diego, Califom:a 

Further details R Dawne Ryals, PO 
Box 920113, Norcross, GA 30092- 
0113, USA (Tal. 404-641 9773) 


Thoraols Imaging 1987 

February 16-19, 1987 

Orlando, Florida 

Further details R Dawne Ryals, PO 
Box 820113, Norcross, GA 30082- 
0113, USA (Tel 404-641 9773). 


in Racdioprotection 
March 13-14, 1987 
Betheeda, Maryland 
Further details. Dr Joseph F. Wema, 
Armed Forces Radiobiology Research 
Institute, Bethesda, MD 20814-5145, 
USA 


The Finzi Lecture 

April 15, 1987 

Royal Society of Medicine, London 
"The solitary pulmonary nodule” by Dr 
S. Segalmann. 

Further details: Royal Society of 
Medicine, 1 Wimpole Street, London 
W1M 8AE. 


Assooiation of 

(ECR '87) 

May 31—June 6, 1987 

Lisbon, Portugal 

Further detalis: Secretariat ECR ‘87, 
SPRMN, Av. Elias Garcia, 123-7? DTo, 
1000 Lisboa, Portugal, (Tel: 77-05 30, 
Telex 62074 SPRMN P) 


VI Congress of the European 
Radiology 


34th Annual Meeting of the 
Society of Nuclear Medioine 

June 2-5, 1987 

Toronto, Canada 

Further details: Society of Nuclear 
Medicine, Education & Meetings 
Department, 136 Madison Avenue, 
New York, NY 10016, USA (Tel. 212- 
889 0717) 
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Euroson '87: 6th Congress of the 
European Federation of Societies 
for Ultrasound in Medicine and 
Blology 

June 14-18, 1987 

Finlandia Hall, Helsinki, Finland 
Further details. Congress Bureau, PO 
Box 824, SF-00101 Helsinki, Finland. 


Ninth International Conference on 
the Use of Computers in Radiation 


Therapy 

June 22—2b, 1987 

The Hague 

Further details Organisation IX ICCR, 
Ir P. H van der Giessen, Dr Bernard 
Verbeeten Institute, PO Box 90120, 
5000 LA Tilburg, The Netherlands, (Tel ' 
013 655 725). 


College of Radlographers' Annual 

Conferenoe 

July 1-3, 1987 

Scarborough 

Further details: Miss C. Aldridge, 
College of Radiographers, 14 Upper 
Wimpole Street, London W1M 8BN 
(Tel 01-936 5726, ext 206). 


Blood Flow ‘87 (Teohniquee in 
blood flow measurement and thelr 
relevance to clinical diagnosis) 
July 7-8, 1987 

University of Leeds 

Further details: Mr R Price, Department 
of Medical Physics, Leeds General 
infirmary, Leeds LS1 3EX. 


Fellowship Program In Diagnostio 
Ultrasound 

July 1987—June 1988 

Health Sciences Centre, Winnipeg 
Further details Barbara Good, Course 
Co-ordinator, Section of Diagnostic 
Ultrasound, Health Sciences Center, 
700 Willlam Avenue, Winnipeg, Mb 
R3E 0Z3, Canada. 


XI World Congress on Sarcoidosis 
and Other Granulomatous 


Disorders 
September 6-11, 1987 


Milan, Italy 

Further details: PO XI WCS, Congrees 
Studio, Via Cappuccio, 19, 20123 
Milano, Italy. 

1st Copenhagen Symposium on 
Uroradiology: Imaging and inter- 
ventional techniques 

September 7—10, 1987 

Herlev Hospital, University of 


Copenhagen, Denmark 
Further details: Dr Hennk S. Thomsen, 
Department of Diagnostic Radiology 
bAE2, KAS Herlev, Herev Ringvej, DK- 
2730 Herlev, Denmark. 
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Ultrasound in Medicine & Biology 
publishes original articles which deal with 
the interaction of ultrasonic energy with 
living systems. A major aim of the journal is 
the promotion of new knowledge 
concerning the understanding and 
employment of this form of energy in 
medicine and biology. The majority of the 
published papers deal with ultrasonic 
applications in clinical medicine. 
Occasionally, review articles or articles of 
historical interest are featured. There is also 
a section devoted to Letters to the Editor, 
where original observations or comments 
or criticism on the material published in the 
journal can be printed with a minimum of 
delay. Reports of scientific meetings and a 
calendar of forthcoming scientific meetings 
within the field of interest of the journal are 
also included. 


New Patents Section — The journal now 
contains abstracts and illustrations of 
recently issued United States Patents and 
published patent applications filed from 
over 30 countries under the Patent Co- 
operation Treaty. 

Software Survey Section — This new 
section reports developments in 
appropriate specialist software. 


Subscription Information | 
Published monthly (Volume 12) 
Annual subscription (1986) 
Two-year rate (1986/87) 


US$225.00 
US$427.50 





FREE SAMPLE COPIES AVAILABLE ON REQUEST 
Advertising rate card available on request. Back issues and 
current subscriptions are also available in microform. 
Prices are subject to change without notice. Journal prices 
include postage and insurance. Sterling prices are available to 
UK and Eire customers on request. 





ULTRASOUND IN 
MEDICINE & 
BIOLOGY 


Official Journal of the World 
Federation for Ultrasound in 
Medicine and Biology 


Editor: D N WHITE, 230 Alwington Place, 
Kingston, Ontario K7L 4P8, Canada 


A selection of papers 


Review paper. Contrast echocardiography, 
J ROELANDT. 

Echocardiographic contrast patterns of the 
right-side of the heart: clinical significance, 
G GULLACE. 

Contrast M -mode echocardiography in 
patients with interatrial communications, 
G KRONIK. 

Videodensitometric processing of contrast 
two-dimensional echocardiographic data, 
RS MELTZER et af. 

Comparison of methods of recording and 
analysis of Doppler blood velocity signals 
in normal subjects, S P CREEKMORE et a/. 
Method for estimating the Doppler mean 
velocity waveform, M S KASSAM et al. 

A comparison of two calibration methods 
for ultrasonic hydrophones, 

W B GLOERSEN et a/. 

The concept of three dimensional 
resolution in echocardiographic imaging, 
L JOYNT&R L POPP. 

Ultrasonic characterization of acute renal 
failure, V N GUPTA et a/. 

Measurement of soft tissue motion using 
correlation between A-scans, 

R J DICKINSON & C R HILL. 

Oil-in-gelatin dispersions for use as 
ultrasonically tissue-mimicking materials, 
E L MADSEN et a/. 


Pergamon Press 


Headington Hill Hall, Oxford OX3 OBW, UK 
Fairview Park, Elmsford, New York 10523, USA 
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British Made 


Digital Subtraction Angiography 





Outstanding Picture Quality 
at a Low Price 


Quantel's totally new concepts in video processing, developed 
over 15 years for the TV world, make IDIS a truly revolutionary 
product. Previously time consuming and complicated 
angiography tasks can now be performed in seconds — and you 
don't have to be a computer programmer to operate IDIS. As the 
development costs were borne by the broadcast industry the 
price for IDIS is surprisingly attractive. 

IDIS is easy to install too. All you need is a simple coaxial cable 
connected to the fluoroscopic output of your system. No air 
conditioning or special power is needed, just plug it in to a 
standard domestic socket and IDIS is ready for action. Use of high 
density multi-layered printed circuits result in a small compact 
unit — easily wheeled from room to room. 

For the technically minded, IDIS uses — Analogue/Digital 
converters to digitise signals at 10 million samples per sec; 
Recursive Video Processor for real-time noise reduction; State-of- 
the-art 32 bit microprocessors for fast digital calculation; 168 
Mbyte Winchester disks for vast picture library; new technology 
10 Mbyte removable floppy disk cartridges. Features such as 
Matched Temporal Filtering, Spatial Filtering, Interpolated Zoom 
and Dynamic Contrast Adjustment give starting picture clarity and 
versatility to optimise accurate diagnosis 

IDIS leads the field in DSA and is backed by Quantel's world 
acclaimed service 
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L] strong, effective non-MDA analgesic, suitable | 
for use during endoscopy or colonscopy and | 


radiological and gynaecological investigations — |... . 
[L] "ceiling" effect to respiratory depression | NUB AIN 
reduces risks associated with opioid use 


C] minimal effect on cardiac haemodynamics diii; MC hg 
when used during catheterization Effective, comfortable 

[.] allows more accurate diagnosis of bile duct analgesia during clinical 
and gut obstructions due to minimal inter- investigations 
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BICOR — the dedicated 


system for bi-plane 


angiography 











Specialised Projection 
Capabilities — providing 
all necessary elevations in 
radiological imaging of the 
heart. For example, 
motorised precise 
positioning of both planes 
for simultaneous RAO/LAO 
elevations for coronary 
angiography and 
angioplasty. Clear digital 
displays show the settings 
of both planes. 


Non-compromised Patient Access - is 
achieved in all positions of the equipment, 
whether examining children or adults, by either 
Sones or Judkins technique, optimum patient 


access is ensured. 


Operational Simplicity — Simple, fast and 
precise motorised equipment movements reduce 
the examination time. Microprocessor controlled 
positioning also contributes to a high level of 
patient safety. 





Future Orientated — 
BICOR is prepared for the 
future addition of software 
to provide computer 
controlled pre-set 
elevations. The Pandoros 
X-Ray generator and image 
intensifiers are suited to the 
addition of a choice of 
Siemens DSA products. 


For further information contact 


Siemens Limited 
Medical Division 
Siemens House 

Windmill Road 
Sunbury-on-Thames 
Middlesex TW16 7HS 
Tel: Sunbury-on-Thames 
(0932) 785691 

Telex: 8951091 


BICOR - the Incomparable System 
for Bi-plane Cardiac Angiography 
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The Dr Dernei den Hoed Cancer Center Rotterdam a ee aee cul 


The Dr Daniel den Hoed Cancer Centre/Rotterdam Radiotherapy 
Institute Invites applicants for the position of 


chairman, department 
of radiotherapy 


Candidates must have a broad experience in clinical radio- 
therapy and an active interest in sclentific research They must be 
able to stimulate and manage the clinical, scientific, educational 
and organizational actvrties of the department 





Department of Radiotherapy 

The department Is located at one of the two major Dutch cancer 
Institutes (5 linear accelerators; brachytherapy, hyperthermia; 
12 radlotherapists, 10 fellows, 60 radiographers) and operates in 
close cooperation with the Department of Physics and the other 
clinical oncological groups of the Institute. Part of the radio- 
therapy activities are carried out at the sister establishments 

at the University Hospital Rotterdam (6th accelerator) and the 
Radlotherapy Institute of the Province Zeeland (7th accelerator). 
Through the consultancy system of the Comprehensive Cancer 
Centre Rotterdam, there are frequent contacts with colleagues 
of the other hospitals In Rotterdam and of the South-West area 
of the country 


Function 

The appointee will succeed the current chlef, Prof. B. H. P. van 
der Werf-Messing who shall retire as of December 31, 1987, and 
be In charge of the management of the Radlotherapy 
Department Responsibilities include the organization of the 
spectrum of clinical activities, teaching and training programs, 
consultations etc. 

A major aspect of his task will be to stimulate research and 
clinical trials. 


Interested persons are requested to reply within three weeks by 
writing to MrJ H Volkers, secretary of the Selection Committee. 
Applicants should Include a curriculum vitae, a list of 
publications and the names of three current referees 

Salary Is In the range of £2230-3160 gross monthly. 


Further information may be obtained by telephone 

in which case, please, call Prof. B. H. P. van der Werf-Messing, 
Chlef Department of Radlotherapy or Dr B. Lowenberg, 
Research Director (31-10-4391911). 

Recommendations for surtable candidates will also be 
appreciated. 


DR DANTEL DEN HOED CANCER CENTER 
AND ROTTERDAM RADIO- 
THERAPEUTIC INSTITUTE 


Groene Hilledijk 301, 3075 EA Rotterdam, The Netherlands, 
Tel: 31-10-4391911 
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rilising solution, 
or 16g are 
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HENLEYS MEDICAL SUPPLIES LTD. 


LONDON N8 ODL TELEPHONE: 01-889 3151/6 TELEX: 28942 HENLEY G 


FOR THE RADIOLOGIST WHO WANTS UP-TO-DATE 
INFORMATION ON THE STATE OF RADIOLOGY TODAY: 


Clinical 
Radiology 


Journal of the Royal College of Radiologists, kondon 


With up to 20 original papers each issue, Clinical Radiology presents the 
latest research in radiodiagnosis, oncology and allied subjects including 
computed tomography, nuclear medicine, medical ultrasonography and 
NMR imaging. Review and original articles are clearly laid out and well 
illustrated with radiographs, CT, US and NMR scans. In addition, the reader 
is kept informed of current events via a comprehensive selection of book 
reviews and notices of worldwide radiological happenings. 


Enquiries to: Clinical Radiology, 36 Portland Place, London W1N 3DG. 
Tel: 01-631 1169. 


Clinical Radiology. Published bimonthly by the Royal College of Radiologists. VEN to non- 
members £36.00 (US$90); free to members. 


Still available: 


High dose-rate after-loading in the treatment of cancer 
of the uterus 


Edited by Thelma D. Bates and Hoger J. Berry 
British Journal of Radlology. Special Report 17 (published 1980) 


High dose-rate remote after-loading devices have the ability to treat very large 
numbers of patients, and have a particularly valuable contribution to make in the 
treatment of these distressingly common cancers in developing countries. This 
volume provides comprehensive views of clinical and radiobiological experience of 
those centres acquiring or considering high dose-rate after-loading equipment. 


ISSN: 0306-2120 
ISBN: 0-905749-07-3 Now only £5.00 plus 85p postage & packing 


Orders to 
Publications, The British institute of Radiology. 36 Portland Place, London W1N 3DG 
Tel: 01-680 4085 





Integrated systems technology 


RENE UMM 





High performance and versati- 
lity in minimum space mark the 
concept of this unique compact 
DIAGNOST 1 
9 a comfortable floating table-top 
for effortless operation, 

@ a microprocessor controlled 
X-ray generator integrated 
beneath the table. 


PHILIPS 





p 
the fully integrated 
Bucky system 


@ à central control panel with 
programmed functions for 
simple pushbutton operation, 

@ a special low absorption table- - 
top for top-quality radiographs, 

@ simple change-over from 
Bucky operation to tomography 
adds to total versatility and 
efficiency. 


sure sign of quality imaging 











Expedient low-cost installation 
without ceiling suspension - 
the overall economic and space 
saving solution. 


Philips Medical Systems 
Kelvin House 

63-75 Glenthorne Road 
Hammersmith, 
LONDON, W6 OLJ 


pHiups) Medical 


- Systems 


WILEY MEDICAL 


Correlative Neuroradiology: 

Intracranial Radiographic Analysis with 

Computed Tomography, Angiography and 

Magnetic Resonance Imaging, 2nd Edition 

RG. QUISLING and P.R LOTZ 

The book provides the foundation necessary to correctly 

recognize critical details of brain anatomy, and more 
ant, provides a method of correlation among each 


neuropathologic 
differential diagnostic 
... an excellent book. . . also a good reference book 
recommended for indumon in the hbrary of all 
xcd ee ee 


of Radiology 
0471895873 4360p nem £65.10 
Abdominal Ultrasonography 
2nd Edition 
B.B. GOLDBERG 


A new and thoroughly updated edition of an extensively 
Uhustrated text and reference on the capabilities and 
imaging of gray scale ultrasonography for each major 
i abdominal organ. Each major organ system 3s treated 


pages of full colour plates for cross sectional anatomy. 
0471085693 Stipp 1984 £52.75 


Quantitative Obstetrical 
Ultrasonography 


R.L. DETER, R.B. HARRIST, J.C. BIRNHOLZ and 
F.P. HADLOCK 

Introducing benc concepts of quantitative methods and 
their application m obstetrical ultrasound, this book covers 
techmques for evaluating fetal growth, sæ, weight and 
other measurements. Mathematical models for dating, 
growth curve generation, and weight estimation are 
provided together with tables of normal values, along with 
a review of the principal statistical methods used m the 
field. 


0471799947 394pp Sept 86 £43 25 


Principles of Interpretation in 
Echocardiology 


P. HARRIGAN 


Ths detailed, nchly illustrated book provides echocarde- 
ologists with a comfortable, working familianty with the 
many clinical, physical, and electrome factors that bear on 

interpretation. Physical and cimical 
principles are integrated with conmderatons of anatomy 
and phymology to clearly address practical, everyday 
interpretrve problems, This approach yields, for example, 
sections on the phymes and electronics of M-mode, cross 
sectional, and Doppler systems which are informal, full of 
echocardiagrarns, virtually devoid of mathematics, and 
ngorously related to common wues faced by echo- 


0471879525 390pp 1985 £62.25 


International Dictionary of Medicine 


and Blology 
The most up-to-date suthoritative and comprebensive 
ee EAD. qu 

. . . More comprehensive than any other existing 
dictionary (..) extremely wellarranged, with some 
mnovative ideas (...) We recommend that every library, as 
well as all major departments, have a copy of this excellent 
medical dichonary and encyclopecha.” 

Radiology 


“.. very mpeessive.. The scope is enormous... provides 
a comprehensive coverage of the language of medicine...” 
Nature 
© 150,000 terms — nearly 50% more than any existing 
dictionary 
€ Unequalled in depth and scope of coverage across a wide 
range of 
e Standardized, alHinchusive coverage based on contri 
butions from 200 leading experts tn their fiekds, who are 
actively irvotved in practice. 
€ Extensive cros-referencing to eliminate time-consuming 
research. 


047101849X. 3,300pp 1986 £285.00 
John Wiley & Sons Ltd 


Baffins Lane, Chichester, Sussex POI9 LUD 





Computed Tomography 

Assessment Criteria, CT System Technology, 
Clinical Applications 

J. ALEXANDER, W. KALENDER and G. LINKE 
This book was written to meet the specific needs of 
radiologists, other medical personnel, and engineers who 
are frequently confronted with questions regarding 
medical and technical aspects of computed tomography. It 
is divided into four areas of interest: Assessment criteria for 
CT systems, CT system technology, Clinical applications, 
Cost-effectiveness. 
0471998427 176pp 


4 ` W - ` 
A Wiey-Siemens co-publication 


A Handbook of Physics for 


Radiologists and Radiographers 
D. GIFFORD 


*,..anexcellent reference textbook covering all aspects of 
physics in radiology...” 


May'86 £25.00 


RAD 
0471901725 650pp 174 illustrations 1984 Hardback £19.75 


Ultrasound Imaging 
Liver, Spleen, Pancreas 
D.O. COSGROVE and V. RALPH McCREADY 


“The author should be complimented on the rich, valuable 
and highly explanatory illustrations . . . “Ultrasound 
Imaging" combines wonderful illustrations with an up-to- 
date and thorough discussion of the various arguments 
treated, providing a highly didactic exposition of the 
subject.” 

International Surgery 


0471100684 384pp 1,206 photos /533 diagrams 1982 £56.50 


The Double Contrast Barium Meal 
A Radiological Atlas 
D.J. NOLAN 


[17 


. .. 18 well written, short, and inexpensive and contains 
over 150 clearly reproduced radiographs. The first 
section describes techniques that may be used... The 
clinical aspects are adequately covered, and the references 
are recent and eclectic... excellent value...” 

British Medical Journal 


0471259160 l04pp 1980 £39.50 


WILEY MEDICAL 


A Radiological Atlas of Diseases of 


the Teeth and Jaws 
R.M. BROWNE, H.D. EDMONSON, and P.G.J. ROUT 
*...8 volume of the highest quality, both in content and 


especially production .. .” 
British Dental Journal 


Contains over 600 illustrations of normal and abnormal 
radiographic appearances, and explains the diagnostic 
possibilities presented by each. 

0471256161 258pp 1983 


Medical Imaging CT U/S IS NMR 


A Basic Course 
Edited by L. KREEL 
A basic text for radiologists, neurologists, obstetricians, 


cardiologists and all clinicians wishing to familiarise 
themselves with the different scanning techniques. 


0471258393  248pp 1979  £3820 


£37.50 


300 illustrations 


Vascular Radionuclide Imaging 
A Clinical. Atlas 
J.T. ENNIS and S.J. DOWSETT 
"... This isa worthwhile and admirable book. The quality 
of the illustrations, so essential for an atlas, is excellent... a 
must for the departmental library." 

Clinical Radiology 
0471256706  256pp 189 illustrations 1983 £62.50 


Radiological Atlas of 


Gastrointestinal Disease 
D.J. NOLAN 


“The book is clinically onentated and the material 
comprehensive, concise and very clearly presented, 
stressing the relative value and mutual benefit of radiology, 
endoscopy and other investigations, . . . I commend the 
clear, practical and clinical approach to the presentation of 
the wealth of information in this superbly illustrated atlas." 

Journal of the Royal Society of Medicine 


322pp 1983 £47.50 


W 


0471259179 





John Wiley & Sons Ltd 
Baffins Lane, Chichester, Sussex POI9 IUD 
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Shield Your Accelerator Room. 


POLY/CAST 
è Field-castable neutron 
shielding 


€ Used for walls and 
ceilings of accelerator 
installations 





I BORATED FLEX/PANEL 


è Large, easy-to-install 
sheets. Flexible or rigid 


€ Used on walls and ceilings 
of treatment rooms to 
reduce capture gammas 
and minimize activation 





3 e Simple to use water- 


base mix of concrete 
Borated FLEX/PANEL minimizes activation 
of concrete walls in treatment rooms 
BORON-LOADED 
Installation of POLY/CAST in POLYETHYLENE 
accelerator room roof for personnel e High Attosamtión of 
protection 
Neutrons 
o * " 
For further information contact: € Used in hundreds of 
accelerator rooms 
REACTOR EXPERIMENTS, INC. 


R X || 963 Termina! Way, San Carlos, CA 94070-3278 
415/592-3355 + TELEX: 345505 (Reactex SCLS) 





Boron-loaded polyethylene for shielding 
against neutrons 


HI John Caunt Scientific, Ltd. 
j Oakfield Industrial Estate Eynsham, Oxford OX8 1JA Tel: Oxford (0865) 880479. Telex: 838852 JCS G 


Our representative in the U.K.: 


DIAGNOSTIC RADIOLOGIST 


A diagnostic radiologist, of at least 
senior registrar level, to serve one year in 


FOR SALE 


Used mobile CT system suitable 
for whole body applications. Fully 
operational and available 


immediately. 


For further information please 
write to Box No. 9, 36 Portland 
Place, London WIN 4AT. 





visiting professor status in Department 
of Radiology at Texas Tech University 
School of Medicine. 


Will do general diagnostic radiology 
including angiography and interventional 
procedures. 


Please send cv and three letters of 
reference to: 


Jay P Sackler, Chairman of Radiology, 
Texas Tech University School of 
Medicine, 

Lubbock, Texas 79413. 
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The latest in radiology from Springer 


S. Sakuma, T. Ishignki, T. Takeuchi, 
Nagoya University 


Diagnostic Imaging of 

the Liver, Biliary Tract, 

and Pancreas 

Data Analysis and Diagnostic Procedures 
1986. Approx. 315 figures. 


Approx. 300 pages. Hard cover DM 140, — 
ISBN 3-540-16667-X 


In this book the first section contains nine 


disenses in the form of case presentation and 
discusses the significance of diagnostic Ima- 
ging modalities and diagnostic procedure. 
The text will be a valuabie guide to the 
application and effectiveness of various 
diagnostic modalities. 


Exocrine Pancrestic Cancer 


Editors: H. Baume. B therxonne, 
University of Nimes 


1986. 78 figures, some in color, 36 tables. 
XVI, 214 pages. Hard cover DM 168, — 
ISBN 3-540-16530-4 


Contents: Epidemiology. — Pathological 
Anatomy. — Clinical Features. — Biologi- 
cal 


Conclusions — Subject Index. 


Renal Sonography 


By E.S. Well, E. Bihr, P. Rohmer, 
F. Zeltner, Besançon 

2nd, EE E 
1986. 355 figures in 806 separate 
illustrations. Approx. 225 pages. 
Hard cover DM 188, — 

ISBN 3-540-15343-8 


This second revised edition aims to serve as a 

reliable guide in the technique. The text has 

been updated and many new illustrations are 

included; and the chapters dealing with renal 
tation and the lower urinary tract 
broadened. 


Springer-Verlag 
Berlin Heidelberg New York 
London Paris Tokyo 


Piatz 3, D-1000 Bertin 33 175 Ath Ave, 
Now York, NY 10010, USA 28, Lurke Street, Bedford 
MKE40 311U, Englumd - 26, roe des Carmes, F-75005 Pars 
37-3, Hongo 3-chome, Bunkyo-ku, Tokyo 113, Japen 





H. Pettersson, University of Lund; 


D.S. Spriagficid, W.F. Exneking, Unrvernty 
of Florida, Gainesville 


Radiologic Management of 
Musculoskeletal Tumours 


1986. 112 figures. Approx. 192 pages. 
Hard cover DM 160, — . ISBN 3-540-16756-0 


The authors, coming from one of the large 
centers for musculoskeletal tumors in the 


by the different modalities, and 
which combination of modalities best helps 
to obtain answers on local behavior of the 
tumor, diagnosis and local extent. 


C. Annonter, Paris 


Female Breast 
Examination 


A Theoretical and Practical 
Guide to Breast Diagnosis 


Translated from the French by R. Chambers 


1986. 155 figures, 6 tables. XIII, 228 pages. 
Hard cover DM 98, — 
ISBN 3-540-16302-6 


This book clearly describes, compares, and 
evaluates different diagnostic methods. The 
actual capabilities and limitations of each 
technique are examined, whereby the need 
for & combination of diagnostic procedures 
at various stages is demonstrated. For both 
the dlagnostician and therapist, this critical 
evaluation shows how early diagnostic preci- 
sion can best be attained. 


P. Bourjat, Strasbourg 
Radiology of the Hand 
147 Radiological Exercises for Students and 


1987. 284 figures. 
. 430 pages. Soft cover DM 35, — 


Approx 
ISBN 3-540-16537-1 


This book presents a collection of radio- 
diagnostic exercises; each condition is pre- 
MENU REM DAE 
text, and explanatory schematics. Both com- 
mon and rare conditions are illustrated and 
discussed. 


C.M. Hall, London; 8. Lingam, Essex 


Diagnostic Paediatric Imaging 


a case study teaching manual 
1986. 211 figures. VIII, 206 pages. 
Hard cover DM 90, — 

ISBN 3-540-16202-X 


This case study teaching manual presents ra- 
iwi dr eir dace a cna 
00 paecdiatric patients 


For each case there is a short clinical history, 


a series of questions posed, sample answers 
with comments and illustrations. 


À. Daneman, University of Toronto 
Pediatric Body CT 

1986. 317 figures. Approx. 390 pages. 
Hard 


cover DM 350, — 
ISBN 3-540-16217-8 
Distribution rights for Japan: Igaku Shoin, 
Tokyo 


This book illustrates the CT appearances of 
the normal anatomy and the common as weil 


Functional Studies Using 
NMR 


Editors: V.R. McCready, M.O. Leach, 
Sutton; P.J. Ell, London 


1986. 146 figures. Approx. 190 pages. 
Hard cover DM 125, — 
ISBN 3-540-16213-5 


This book discusses areas in which NMR 
techniques might be needed due to deflcien- 
cies in other techniques. The physics of 


carrying out flow studies are detailed. The 
book ends with a survey of imaging in each 
organ and the relation of NMR images to 
other such as ultrasound, nuclear 
medicine, and X-rays. 


Bone Scanning in 
Clinical Practice 
Editor: I. Fogelman, London 


1987. 217 figures. Approx. 305 pages. 
Hard cover DM 298, — 
ISBN 3-540-16212-7 


Prices are subject to change without notice. 


3550/4/1 


Springer 
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Imaging System 





The new MH imaging system is a break- 
through in x-ray processing. 


MR offers minimal replenishment to 
conserve your budget. 


MR means maintenance reduction 
because it is so clean-working. 


MH gives minimum release of 
glutaraldehyde from the developer and 
sulphur dioxide from the fixer to protect 
your health. 


And that's not all! There is so much more 
from the MH imaging system that can 
help to satisfy your professional 
requirements. 





from the x-ray chemi 
specialists 


wii May & Baker 


: "To: May & Baker Ltd, Dagenham, Essex RM10 7XS 
- Send information on the new MR imaging system, 


plus technical data 


Heturn the coupon for full information on 
the MH system - it could be an important 
step towards easing your budget 
problems. 
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Criteria and Methods . 
for Quality Assurance in 
Medical X-ray Diagnosis 


Proceedings of a Scientific 
Seminar organised by the 
Commission of the European 
Communities and the Centro di 
Hicerca Applicata e 
Documentazione, held in Udine, 
Italy, 17-19 April 1984 


British Journal of Radiology 
Supplement 18 


The contributors to this Seminar came 
from 15 European countries, the USA 
and Canada. All aspects of Quality 
Assurance were discussed: the concepts 
and implementation of QA, the involve- 
ment of research, professionals, industry 
and governments, and the technical 
aspects of equipment testing, image 
quality, information content and dose- 
and cost-reduction. 

The proceedings give an up-to-date 
picture of the state of the art in QA and 
will be of interest to radiologists, 
radiographers, health physicists, radia- 
ton protection scientists, equipment 
manufacturers and administrators of 
health care programmes and radiation 
protection. 


Price £16.00 including postage and 
packing 

About 200pp; illustrated 

ISBN O 905749 12 X 

ISSN 0007 1285 

Orders to: 


Publications Department, The 
British Institute of Radiology, 36 
Portland Place, London W1N 3DG 
(Tel: 01-580 4085) 





BASIC 
CLINICAL 
ULTRASOUND 


by Hylton B Meire 
and 
Pat Farrant 





This book is a basic introduction to the technical 
aspects and clinical applications of diagnostic 
ultrasound. it is aimed at trainee radiologists and 
radiographers with little or no previous knowledge 
of the subject. The text is augmented by line 
diagrams, selected ultrasound scans and compre- 
hensive clinical and technical glossaries. 

"| recommend this excellent book without 
reservation to all trainees in ultrasound and to those 
engaged in training. | also recommend it as a short, 
easily digested, enjoyable refresher course to those 
already providing the service," (British Medical 
Journal. 
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Brown Boveri sets new standards: 
fully microprocessor- 

controlled linear accelerators 
DYNARAY-CH. 


Brown Boveri linear accelerators equipped with the DP 800 micro- 
processor control system have proved themselves in clinical practice. 
Users have helped to shape the software which has now reached a 
high level of maturity and reliability. 

The control system is the same on all DYNARAY-CH linacs 
whether your requirement is a photon only unit, a single photon and five 
electron energies to 16 MeV or dual photon and seven electron energies 
to 20 MeV. 

Automatic routines for arc therapy, wedge fields, check films and 
assisted set-ups are amongst the standard features. The verification and 
record system DYNAVER S, available on all units, provides a 
complete record of settings and treatment 
usually on just two sheets 
of standard A4 paper 

The computer of 
the DYNAVER M enables 
several therapy units to 
be linked at a higher man- 
agement level. 








We don't just promise it, 
we have it! 


For more information contact: 


British Brown-Boveri Ltd. or BBC Brown, Boveri & Company, Ltd. 
Darby House, Lawn Central Radiotherapy Department 


GB-Telford, Shropshire TF3 4JB PO. Box 58, CH-5401 Baden/Switzerland H B C 


Telephone (0952) 502 000 Telephone 056/75 4504 or056/751111 BROWN BOVERI 
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| case of difficulty from Butterworths at the address below | 


" ‘Butterworths 
G egt PUJessumal HECAS 


RADIOLOGY TITLES FROM 
BUTTERWORTHS 


For the undergraduate student 





* * 2 * 
Exercises in Radiological 
L4 a 
Diagnosis 
P Joshi, MB. Chai Natal. MRCP(UK;. FICALUSA; 
C Freed, MB. BChiRana). MRCPE, MMedi(RadD)Rand 
Much of the radiological literature is designed for those wishing to 
specialize in radiology and is too detailed for the undergraduate, This new 
book filis the gap by presenting a series of radiographs, each with a group 
of questions on their interpretation - a format popular with students for 
both learning and self-assessment. In addition to plain radiographs of all 
parts of the body, some examples are given of ultrasound and CT scans. A 
broad range of disorders encountered in every-day practice are covered. 
The second part of the book provides the answers together with brief 


discussions of the salient points of radiographic appearances and 
differential diagnosis. 


December 1886  160pagesapprox 218 x 138mm Softcover 
Hlustrated 0407004262 £10.85 approx 


For MRCP/FRCR candidates 


Exercises in Chest X-Ray 
Diagnosis 
J A Elliott, 53- M6, ChB MRCP(UR) and 
M D Cowan, MB Che. MECPCUK) DMR FROR 
Aimed specifically at physicians and radiologists in training, this book has 


been devised principally as a teaching aid for postgraduates studying for 
the MRCP and FRCR diplomas. 


The first part of the book consists of fifty exercises in each of which an 
iNustration or pair of illustrations is presented together with a group of 
questions designed to test the readers clinical and radiographic 
knowledge. The corresponding answers in the second part of the book 
provide concise clinical reviews and short accourts of radiological 
differential diagnosis, together with key references to the literature. 


December 1856  160pagesapprox 216 [38mm Softcover 
llustrated 0407004904 £13.98 approx 


Clinical Radiology 


^ * 
Fourth Edition 
G Simon, MD FER FRCP 
Arthur J A Wightman, MB B5 COMED FRCR 
Consultan? Racioloqist, Cay Hospital and Royal Infirmary. Edinburgh 


1983 328 pages 346 x 189mm Hardcover  lilustrated 
0407 002243 £30.00 


Clinical Radiology for Medical 
Students 


K T Evans, vB Che. FRCP. DMRD. FRCR 
Welsh National School of Medicine, Cardif 
NF Butler, Weish Navona! School of Medicine. Cardif 
I H Gravelle, 6Sc MB Cha(Edin). PROP Edin). DMRD. FRCR 
University Hospital of Wales, Cardiff 
G M Roberts, MB BS MRCP DMRD. FROR 

University Hospital of Wales, Cardiff 

1982 i48 pages 246 x 188 mm Softcover Illustrated 

04072001778 £8.98 


Please order these titles from your usual bookseller ~ or in 





Required: Second-hand X-ray Apparatus 
and Accessories 


Complete R/F rooms with LI. & TV or parts of 
equipment. Spares for newer and older models. 
Mobile, portable and dental units. Tubes, cables. 
Gartners motor cassette and rapid film changers for 
abdominal and peripheral angiography. Injectors. LL, 
TV. Manual or automatic dark room accessories, 
cassettes, screens, grids, hangers. Automatic table top 
processor. Roller dryers, Kodak or Williamsons——etc. 
All in good working order, but scrap also considered 
as spares. Please reply with details of equipment to 
Box No. 5, British Journal of Radiology, 36 Portland 
Place, London WIN 3DG. 


POSITION AVAILABLE 


McGill University, Department of Radiology. 
Teaching Fellow. Cornpulsory Radiology Course for 
medical students: limited clinical duties. Appointment 
one year, renewable beginning July 1st, 1987. 

Contact: Dr. M. J. Palayew, Professor and 
Chairman, Department of Radiology, McGill 
University, 3755 Cote St. Catherine, Montreal, 
Quebec, Canada H3T 1E2. 


(In accordance with Canadian Immigration 
requirements, preference will be given to Canadian 
citizens and landed immigrants in Canada). 


THE ELEVENTH LEEDS 
GASTROENTEROLOGY 
COURSE FOR RADIOLOGISTS 


6-10 July 1987 
ST JAMES'S UNIVERSITY HOSPITAL 


LEEDS, ENGLAND 


The course faculty will include: Professors D. J. 
Allison, R. H. Dowling, G. R. Giles, H. Herlinger 
(Philadelphia), J. Lammer (Austria), l|. Laufer 
(Philadelphia), M. S. Losowsky, P. Lavender, 
A. Montesi (Italy). 


SPECIAL | GUEST LECTURER: 
FERRUCCI, 
BOSTON. 


The programme is to include sessions on 
lymphoma, the acute abdomen, hepatobiliary 
disorders, screening for colon cancer, isotopes in 
gastroenterology and review lectures in GI 
radiology. Practical seminars will be held during 
the week. Course fee £150. 


PROF. J.T. 
HARVARD MEDICAL SCHOOL, 


For details please contact: 
Mr F. Moran 
Senior Administrative Assistant 
Postgraduate Dean's Officer 
Leeds General Infirmary 
Great George Street 
Leeds LS1 SEX 
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* Dual x-ray energy facilities 
* X-Ray diaphragms with field offset facilities 


* Multiple electron energies for all 
treatment requirements 


* Treatment prescriptions stored on computer files 





THE MOST VERSATILE CONTROL SYSTEM 


; ; Assisted set-up giving 
’ increased workload 


capacity. 
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Concurrent prescription 
preparation and data 


retrieval on a secondary 
terminal. 


Multi-segment treatment techniques performed 
quickly and accurately under computer control. 


Automatic data logging with telephone modem for 
direct access to Philips' international service centres. 


Contact Philips at one of the addresses shown below 
for more information on our full range of equipment for radiation therapy. 
Philips Medical Systems, Kelvin House, 63/67 Glenthorne Road, Hammersmith, London W6 OL]. 
M.E.L. Manor Royal, Crawley, Sussex RH10 2PZ, 
Divisions of Philips Electronic & Associated Industries Ltd 
Philips Medical Systems Inc, 710 Bridgeport Avenue, Shelton, Connecticut 06484, United States of America. 


N.V. Philips, Medical Systems Division, Eindhoven, The Netherlands. 
$ 
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IPSM publications 


REPORT 47: PHYSICS IN MEDICAL ULTRASOUND 


Report Nay 4? 


THE INSTITUTE Of 

PHYSICAL SCIENCES Ed. J, A. Evans 

IN MEDICINE 

Few techniques have changed as rapidly as 
medical ultrasound during the last twenty 


ey in ¥ te years. The images obtained from scanners even 
Physics ni Medical five years ago look poor in comparison with 
Ultrasound those of today. This change in technology has 
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ABSTRACT 

Progress in diagnostic ultrasound is driven by the development 
of new technology. The place of new techniques in diagnostic 
algonthms has to be determined jointly by radiologists and 
clinicians and appropriate arrangements have to be made for 
trainmg About £30 million per year ıs currently spent on 
diagnostc ultrasound in the UK. Diagnostic ultrasound 
depends on the information obtained as a result of ultrasonic 
uTadiaton of the patient. Biological effects, some of which are 
undesirable, can be produced by ultrasound but there is no 
evidence that the exposures used in diagnosis carry any risk, In 
judging whether ultrasonic scanning is appropmate in any 
particular situation, 1t 15 necessary to consider benefits, costs 
and available resources. The costs include not only the costs of 
the test but also the cost of any hypothetical ultrasonic hazard 
and the cost of musdiagnoms. The most prudent use of 
ultrasound ts that which maximises the benefit-total-cost ratio 
and although this cannot presently be quantified, some of the 
concepts involved can be understood in terms of the health 
increment and the health decrement, the latter apparently 
being equal to zero when the diagnosis 131 correctly made using 
contemporary equipment Thu approach can be extended to 
introduce the idea of profit arising from the test As an 
example, obstetric ultrasound 1s considered to be appropriate 
when there us a medical indication for it. Although routine 
scanning ai 16 weeks of pregnancy has been shown to result in 
a very large profit, there is still conflicting guidance about its 
advisability on the grounds of safety and existing accounting 
systems may restrict access to the profit In discussing the 
desirability of ultrasonic scanning, patients can be informed 
that there 1s no reason to bebeve that there are any risks 
related to ultrasonic exposure The mmminent availabilty of 
inexpensive ultrasonic scanners for the layman is a worrying 
prospect to which the medical profession should now try to 
develop a prudent response. 


Michael Day, who was President of the Institute in the 
1981-82 session, encapsulated the process of evolution 


in radiology when he said that “diagnostic procedures’ 


have been built into established clinical practice based 
on foundations laid by radiological pioneers" (Day, 
1984). Moreover, the title of Day's Presidential 
Address, “Benefit and detriment in the medical use of 
radiation", was a timely reminder that ionising 
radiation at least is not without the potential to produce 


*Delivered at the meeting “Safety of ultrasound”, held at the 
Middlesex Hospital Medical School, London, May 15, 1986 


damaging effects; in diagnosis the detriment 1s always 
small, though there is scope for its reduction by 
improved techniques, and it should not contraindicate 
any examination with a measurable probability of 
benefit. 

Economic pressures have escalated in medicine 
during the 4 years since Day considered benefit in terms 
of the sensitivity and selectivity of diagnostic tests and 
detriment in terms of radiation hazards. Nowadays, it 
is, more than ever, necessary to assess benefit by the 
effect which the result of the test has on the 
management of the patient; the detriment is measured 
by the financial cost of the test which includes not only 
the resources used but also a component equal to the 
value of the damage, including radiation damage to the 
patient, public and the staff, done by the test. 

The prudent use of ultrasonic diagnosis depends on it 
being used cautiously, carefully, circumspectly, 
judiciously, sensibly and wisely. Like other technologies 
in medicine, diagnostic ultrasound is a resource which 
should be used with skill and good judgment. Jennett 
(1984) has pointed out that high-technology medicine 1s 
inappropriately deployed if it is unnecessary (because 
the desired objective can be achieved by simpler means), 
unsuccessful (because the patient has a condition too 
advanced to respond to treatment), unsafe (because the 
possible complications outweigh the probable benefit), 
unkind (because the quality of life after rescue is not 
good enough, or long enough, to justfy the inter- 
vention) or unwise (because it diverts resources from 
activities that would yield greater benefits). 

Nowadays, ultrasound has become established as a 
diagnostic tool in many different medical specialties, 
particularly obstectrics, internal medicine, urology, 
cardiology, gynaecology and vascular diseases. Some- 
times its benefit is obvious. Often, however, the benefit 
presently is not judged in relation to the detriment and 
it 18. here that the auton of prudence needs to be 
considered. 


THE Iwpacr OF NEW TECHNOLOGY ON acca 
PRACTICE -> 

Although it is desirable that the potential seis 

effects and short-term and long-term consequences of 

new technology should be systematically assessed before 
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the technology becomes available (Banta et al, 1978), 
the pressure to obtain the “benefits”, whether 
imaginary or real, of new technology is usually too 
great for this to be realistic. 

Progress in diagnostic ultrasound, as in other areas of 
radiology, 1$ driven primarily by the development of 
new technology. Generally, a new radiological 
technology is not initially developed as a solution to a 
previously identified problem, rather, a new type of 
instrument is first constructed and then the radiologists 
set about the task of demonstrating what radiological 
problems it can be used to solve. Moreover, the life of 
any viable new technology has four phases: the idea, the 
adoption of the technique, its acceptance and, finally, 
its decay into disuse, although the actual lifetimes of 
different technologies may be very different. 

Progress in diagnostic technology is one of the factors 
which has led to the increase in the average severity of 
iliness in hospital, and to the increase in hospital costs, 
as clinicians treat less cntically ul patients in 
ambulatory settings. Although it 1s, paradoxically, true 
that the contribution of technology to overall costs is 
small in comparison with the costs of increasingly 
complex surgery (Showstack et al, 1985) and that a 
50% reduction m the provision of expensive tech- 
nologies would cut less than 1% off total health 
expenditure (Maloney & Rogers, 1979), the problem of 
financial constraint and the pressure to reduce radiation 
exposure mean that new radiological technologies can 
only be introduced into clinical practice if they replace 
older procedures. A patient with a given set of signs and 
symptoms must not be exposed to a battery of 
radiological tests, some of which may be unhelpful. 
Rather, it 13 necessary to develop new sets of algonthms 
that are flexible, related to clinical manifestations, to 
the institutions and to locally available equipment and 
clinicians (Margulis, 1981). These algorithms have 
continuously to be reviewed and, if necessary, modified 
by radiologists and cliniaans working together. 


Properly used, this approach results in optimal benefit 
being gained from the introduction of new radiological 
technologies; otherwise, new technologies can be 
blamed for the disappointment of  unfulfilled 
expectations. 

The performance of a diagnosüc test in terms of 
sensitivity and specificity in relation to a particular 
disease is often too rigorous a concept in judging the 
role of the test ın an algorithmic approach. In a well 
designed algorithm, the test carried out at each step 
needs only to provide the answer to a relatively simple 
question. This is shown in Fig. 1, which illustrates the 
diagnostic algonthm for patients with signs and 
symptoms of renal disease. Ultrasonic scanning is the 
first test, and what follows 1s determined by whether the 
scan appears to be normal or abnormal. Notice that 
interventional treatment, such as cyst aspiration and 
cytology, only follows directly from a test known to be 
highly sensitive and specific to the condition diagnosed. 
Otherwise, the result of the test serves to decide on the 
subsequent, more appropriate, but perhaps more 
expensive or invasive, test Notice, too, that there 1s an 
element of redundancy in the algorithm so that the 
same conclusion can be reached by travelling along 
different pathways. 

In fact, the clinical history is generally the most 
important factor in both diagnosis and management 
Unnecessary tests are a significant waste of health 
resources (Sandler, 1979) and radiologists are now 
rightly trying to limit the use of radiology to situations 
in which it really 18 useful (Fowkes et al, 1986). 

Another important aspect of the arnval of a new 
radiological technology 1s that diagnostic staff have to 
be trained in its use. The pioneers are self-trained; they 
are usually enthusiasts and, at least for the new 
technology, their skill 1s technology- rather than system- 
based. As tbe technology becomes diffused, during the 
adoption and acceptance phases of its clinical life, the 
radiologists who use it routinely are nowadays generally 





Fic. 1 


Diagnostic algonthm for patients with 
signs and symptoms of renal disease 
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system-based and the radiographers are technology- 
based so they need additional training and periodical 
refreshment and updating. Although this is demanding, 
it is part of what makes radiology both challenging and 
fun. 


RADIOLOGY AND THE ROLE OF DIAGNOSTIC ULTRASOUND 

In the UK presently, about £200 million 1s spent 
annually on diagnostic radiological services, equivalent 
to 1.3% of the resources allocated to hospitals. There 
are just short of 1000 consultant radiologists, one out of 
every 15 consultants. A reasonable estimate ıs that 
ultrasound accounts for 15% of the radiological 
workload. 

The £30 million devoted to diagnostic ultrasound 
each year covers the costs not only of staff salaries and 
training but also of equipment acquisitions, maintenance 
and quality control. It also includes the costs of a 
relatively small number of diagnostic ultrasound 
examinations not carried out in radiology departments, 
principally 1n obstetrics, cardiology, ophthalmology and 
vascular studies. 


THE SAFETY OF DIAGNOSTIC ULTRASOUND 

Ultrasound 1s capable of affecting biological tissues 
and some such interactions would be undesirable if they 
were to occur in human diagnostic investigations. The 
possible mechanisms of interaction are thermal, 
mechanical and indirect. Thermal effects depend on the 
heat produced as a result of the absorption of 
ultrasound Mechanical effects are due to forces 
resulting from streaming velocity gradients which may 
be amplified in the presence of cavitation bubbles of 
appropriate dimensions. There 1s evidence that some 
biological effects occur that cannot be explained in 
terms of thermal or mechanical interactions: more 
research 1s needed to identify such indirect mechanisms. 

If one thing 1s clear to a student of the literature on 
the bioeffects of ultrasound, it 1s that no systematic 
pattern of directed research has emerged. The available 
data consist of the results of experiments carned out by 
independent investigators over a long period of time; 
moreover, only a few of the investigators have the 
necessary knowledge of physics and biology to have 
published fully satisfactory information. Indeed, much 
of what has been published is merely distracting 
because of the failure of the experimenters to 
understand key aspects of the work. 

Ultrasonic diagnosis depends on the information 
obtained as a result of ultrasonic irradiation of the 
patient. If the exposure is too low, useful information 1s 
not obtained; if it were to be too high, harm to the 
patient could result. (It 1s a fact that the exposures 
presently used in ultrasonic diagnosis are determined 
not by scientifically established levels related to nsk, but 
by the amount of energy convenient for equipment 
design for good diagnostic performance.) To judge the 
risk of harm, it is necessary to know the ultrasonic 


exposure conditions. Preston and Hill (quoted in the 
Medical Research Council (1986) report) recommended 
that the minimum parameters for which operating 
values should be reported are: frequency; spatial-peak 
temporal-peak positive and negative pressures; spatial- 
peak temporal-average intensity, and, for Doppler 
equipment only, the 6 dB beam area in the focal plane. 

It is impossible to prove safety by showing negative 
effects, but the establishment of understanding of 
underlying biophysical mechanisms of interactions may 
allow attempts to be made to define safe exposure 
conditions. Another approach 1s to relate the exposure 
conditions used in diagnosis to exposure conditions 
known to produce biological effects and, thus, at least 
to be able to say whether or not the diagnostic exposure 
is "potentially harmful". This was first done by Ulnch 
(1971, 1974) and by Wells (1974) by reference to simple 
charts of ultrasonic intensity versus exposure time, and 
the idea was developed to form the basis of such 
guidance as that of the American Institute of 
Ultrasound 1n Medicine (1984). The usefulness of charts 
can be extended by including additional variables: 
Fig. 2 shows an attempt to do this for intensity, pulse 
length and exposure time. In this chart, the exposures 
for physiotherapy are believed to produce (beneficial) 
biological effects, while those for Meniere’s disease 
therapy and above the threshold for neural tissue lesion 
induction produce real damage. Clearly, some but not 
all parameters for each of the different types of 
diagnostic exposure (pulse echo, pulsed Doppler, and 
continuous-wave obstetric and peripheral vascular 
Doppler) exceed those of exposures believed or known 
to produce biological effects. 

A Bntish Institute of Radiology report Qn press) is 
one of several conscientious attempts to examine the 
scientific data relating to the safety of diagnostic 
ultrasound. This document beging with a renew of 
exposure conditions presently used in diagnostic 
ultrasound and this is followed by sections dealing with 
biological effects reported following exposure to 
diagnostic ultrasound, the effects of ultrasound at 
diagnostic intensities on animal reproductive tissue, the 
biological effects of high-level ultrasound of relevance 
to diagnostic exposure conditions, and human epi- 
demiological data. No evidence has been found even to 
suggest that present ultrasonic diagnostic practice 
carnes any hazard due to the ultrasound. 

As far as ultrasound is concerned, there is no 
equivalent to the concept of collective dose of ionising 
radiation as an indicator of the total harm to society, 
presently costed at £3000 per man-sievert at the 
baseline but increasing non-linearly with increasing 
individual exposure (National Radiological Protection 
Board, 1985). 


JUDGING BENEFIT AND DETRIMENT 
Benefit in relation to premium 
Roberts et al (1985) demonstrated that the UK 
National Health Service could afford to spend £14 000 
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to save a hfe or to avoid a long-term disability in 
1981-82. This figure does not depend absolutely on the 
intrinsic value or quality of life but is fixed by the cash 
available to be spent by the NHS on acute medical care 
and preventive screening services, which is, of course, 
determined by the resources allocated by government, 
and the benefit-premium ratio, which is determined by 
the incidence of relevant health demand in the 
community. The cost of any life-saving or disability- 
preventing patient management scheme in excess of 
£14000 has either to be offset by schemes costing less 
than £14000 per patient or by limiting the availability 
of other schemes. It is worth noting that society’s 
valuation of life-saving depends on the perception of 
the risk (Cohen, 1980). For example, the estimated cost 
per fatality prevented (in 1975, US dollars) ranges from 
$20 000 spent on road maintenance, through $250 000 
for seat belts to $10 000 000 for the general disposal of 
radioactive waste; in contrast, increase in the avail- 
ability of immunisation in Indonesia, for example, 
would cost $100 per life saved. Consequently, spending 
more or less than £14 000 on a life-saving or disability- 
preventing patient management scheme in the UK is 
not necessarily bad or good: citizens simply have to 
judge whether the belance of the cost of health-care 
provision is what they want within the available 
resources—and that the total available resources are 
also what leaves them feeling least uncomfortable, and 
that 1s really what the government 1s judging when it 
puts its cash limit on the NHS. 

This discussion is actually quite relevant to the 
prudent use of diagnostic ultrasound in routine clinical 


FiG. 2, 
Chart showing exposure conditions (peak 
ultrasonic intensity, ultrasonic pulse 
length and total time) for various 
diagnostic techniques and for typical 
therapeutic applications 


situations. For example, the financial cost of avoiding a 
handicapped survivor with open neural-tube defect 
when the population prevalence is 1.25 in 1000 by any 
effective fetal screening programme involving ultra- 
sound ranges from £38000 to £51000 at 1980 prices 
(Hibbard et al, 1985) and this may well be judged to be 
more than the NHS can afford (even though the 
undiscounted excess lifetime costs to society incurred by 
such a survivor have been estimated at £118 000). Thus, 
screening for neural-tube defects may not be a 
"prudent" use of diagnostic ultrasound. Later on, 
however, a more simplistic accounting, rather than 
insurance, approach to the analysis of this situation is 
discussed which seems to dispel any such doubt. A 
seemingly irrational practical problem may remain: this 
is that existing accounting systems may preclude the 
savings made as a result of routine scanning from being 
available to cover the cost of the scanning. 


The cost of an ultrasonic examination 

It is not easy to calculate the real cost of any 
diagnostic radiological procedure. The costs of staff, 
equipment, disposables, nursing, clerical work, 
portering, transport and accommodation need to be 
taken into account. On this basis, a 20-min ultrasonic 
examination must cost about £15. A prudent clinician 
might think that £15 could be saved by not requesting 
such a scan for a particular patient. Unfortunately, 
however, the only expenditure not incurred by the 
radiology department by not doing the scan is the cost 
of the consumables, equal to about £2, since the other 
facilities have to be paid for whether they are used or 
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not. ("Vire-ologist" (1986) has suggested that this 
potential pitfall in clinical budgeting might be avoided 
by presenting the cost of any requested investigation as 
the total cost and the variable (or "vireable") element 
of it.) The full savings can only be achieved by the 
health authority if the "size" of the radiology 
department can be reduced in response to falling 
demand. This option is likely to be unattractive to 
radiologists. It is pertinent to note that a computed 
tomography examination typically costs about £120 and 
a magnetic resonance imaging examination about £250. 
The vireable elements of these investigations may be as 
little as £10 and £15, respectively. Thus, it is clear that 
significant savings can be made in radiology 
departments only by totally eliminating one or more 
“big-ticket” facilities, or by real reductions in staff 
establishments. Ultrasound is generally a "little-ticket" 
study and if it can provide useful information in any 
particular clinical problem its use is likely to be 
“prudent” in terms of cost-effectiveness. 


The implications of misdiagnosis 

Tuddenham (quoted by Kundel & Hendee, 1985) 
suggested that one very important area of investigation 
is the determination of the true societal cost of missed 
radiological diagnosis. If lesions missed in radiology 
should turn out to be unlikely to be detected by history, 
physical examination, laboratory studies, endoscopy 
and so on, there would be convincing evidence that 
research is needed in this area. But if it were to be 
impossible to demonstrate that missed radiological 
diagnoses lead to disability, death and increased health- 
care costs in a significant number of cases, the whole 
issue could be laid to rest. 

It has recently been recognised that clinical care of 
patients may often be described in terms of a cascade; 
the process, once started, proceeds stepwise to its full, 
seemingly inevitable, conclusion (Mold & Stein, 1986). 
The chain of events tends to proceed with increasing 
momentum, so that the further it progresses, the more 
difficult it is to stop. The participants in the process are 
often unaware that it is a cascade effect. Anxiety on the 
part of the clinician is frequently an important factor 
fuelling cascades. Radiology, even ultrasound, may be 
one step in a cascade which, at best, results in a correct 
diagnosis leading to an appropriate next step but which, 
at worst, leads to a misdiagnosis with the possibility of 
a bad outcome for the patient. | 

Examples of potential errors in ultrasonic diagnosis 
which may propagate unwanted or harmful cascades 
include: overdiagnosis of fetal abnormality, leading to 
termination of a normal, wanted pregnancy; failure to 
detect hepatic secondary neoplasm, leading to in- 
appropriate treatment such as laparotomy; and under- 
diagnosis of carotid artery disease, leading to failure to 
offer appropriate treatment and the consequent 
occurrence of stroke. Some errors in ultrasonic 
diagnosis are due to inadequate equipment and some 
are due to inadequate training or experience. Prudence 


demands that ultrasonic examinations should be carried 
out by well trained people using adequate equipment. 
Perhaps the least prudent use of diagnostic ultrasound 
is when people with inadequate training perform the 
examination or interpret the results. 


Health increment and health decrement 

Ultrasonic diagnostic procedures carry no radiation 
risks for the public or for the careful operator; it is 
evident that radiation protection analogous with that 
necessary with ionising radiation is not required. Most 
people seem to feel intuitively that the ultrasonic 
exposure to the patient should be subject to the 
ALARA (as low as reasonably achievable) principle. 
The ALARA principle takes economic and social 
factors into account (International Commission on 
Radiological Protection, 1983) and does not equate to 
any system of control that simply requires everything 
possible, or technically feasible, to be done to reduce 
doses without consideration of the cost, the magnitude 
of the benefit from the dose reduction, or any other 
aspects. In the case of ultrasound, however, for which 
there is no evidence of detriment due to exposure such 
as that due to the contribution of medical radiography 
to the population dose, the most prudent use of 
ultrasound is arguably that which provides the 
maximum benefit-total-cost ratio. This rather new idea 
is a development of older principles. For example, the 
National Council of Radiation Protection and 
Measurements (1983) recommended that "users should 
strive to obtain the most medically significant in- 
formation possible while producing the least ultrasonic 
exposure to the patient. By the latter is meant, 
specifically, that dwell times and total exposure times 
should be minimised and, where adjustable, intensities 
should also be  minimised". Unfortunately, this 
approach leaves matters to the judgment of the user 
without giving satisfactory quantitative criteria. 
Obviously, as the ultrasonic exposure is progressively 
reduced, the diagnostic information is first degraded 
and eventually lost altogether. As the intensity is 
increased, generally more diagnostic information 
becomes available, but biological damage is suffered by 
the irradiated tissues. (Paradoxically, above some level 
of intensity, the value of the diagnostic information 
begins to decrease, partly because of such effects as 
non-linearity and partly because the information 
obtained refiects the damage done by the ultrasound.) 
Nyborg (1985) recognised this and suggested that 
ultrasonic exposure conditions should be optimised, 
rather than simply being subject to the ALARA 
principle. He proposed that the exposure conditions 
should be chosen to give the maximum (health 
increment — health decrement) difference, or at least a 
positive value for this difference, where the health 
increment is the value to the patient and the community 
of the benefit of the test and the Aealth decrement is the 
cost of the damage done to the patient by the ultrasonic 
exposure. Although, conceptually, a significant step 
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forward, this approach is not without its difficulties. 
Presently, it is impossible to place financial values on 
the health decrement of the ultrasound exposure, and it 
is very difficult to evaluate the health increment of the 
diagnostic information. Since there simply is no 
evidence that contemporary ultrasonic diagnostic 
procedures carry any hazard, the value of the health 
decrement is apparently zero (assuming a correct 
diagnosis) and certainly 1t is very small in relation to the 
cost of carrying out the test. The health increment 
depends on the clinical situation and, just as with 
radiographic diagnosis, it needs to take into account the 
increase in both the duration and the quality of the life 
of the patient resulting from management decisions 
taken as the result of the test. 

Figure 3 1s an attempt to put these considerations 
into perspective, on the assumption that the test always 
produces the correct diagnosis. Of course, the data in 
this figure are hypothetical and have been rather 
unrealistically chosen insofar as a substantial health 
decrement is represented with increasing intensity 
beginning towards the low end of the range of intensity, 
giving a health increment. There are two important 
points to note Firstly, the maximum value of the 
health-increment-cost ratio is not much reduced by 
taking the health decrement into account and in 
practice there is no need to choose the intensity 
carefully to maximise this ratio because the maximum 
health increment is approached at an intensity well 
below that at which health decrement begins. Secondly, 
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the health-increment-health-decrement ratio is not a 
helpful index of whether the test is worth carrying out, 
because it does not take into account the fixed cost of 
the test (i.e. the value of the resources used to obtain 
the health benefit), Essentially, the health- 
increment-health-decrement ratio is relevant to the 
ALARA principle, while choosing the intensity to 
maximise the health-increment-total-cost ratio ensures 
the optimal use of resources. If the health- 
increment-total-cost ratio exceeds unity, the test is 
apparently justifiable, since the output then exceeds the 
input and a health profit has been achieved. Notice that 
the data for a real test would need to include a 
component allowing for diagnostic errors. It ıs also 
important to note that even when it becomes possible, if 
it ever does, to quantify increment and benefit to the 
extent that profit can be calculated, the optimisation of 
the use of health resources will depend upon any 
procedure (including diagnostic tests) which is made 
available clinically having a profit margin, expressed in 
percentage terms, which exceeds the minimum 
ultimately determined by the politically perceived 
expectations of the community. 

Factors such as public pressure, political concern and 
economic interest have to be taken into account in 
making decisions about the allocation of resources. 
Such factors are transient, unpredictable and involve 
value judgments. If they are incorporated into 
mathematical formulations of increment and detriment, 
they need to be identified and distinguished from 


Fa. 3. 
i» Graph showing general relationshipe 
between the value of an ultrasone 
diagnostic test and the ratio of the output 
value to the input value, as functions of 
tbe ultrasonic exposure expressed ss the 
peak intensity. The test ıs assumed always 
to result in the correct diagnosis provided 
n that the tensity is within the range that 
provides adequate information. The data 
are hypothetical and health decrement 
illustrated as being due to high intensity is 
much greater than would occur in 

practice. 
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measurable physical quantities such as salaries, 
equipment costs, maintenance, consumables and 
accommodation. 


AN EXAMPLE: PRUDENCE IN OBSTETRIC ULTRASOUND 

The National Institutes of Health (1984) organised a 
Consensus Development Conference which identified 28 
clinical conditions, ranging from estimation of 
gestational age to evaluation of fetal condition in late 
registrants for pre-natal care, in which the use of 
diagnostic ultrasound may be medically indicated in 
pregnancy. When there is a medical need for such an 
examination, it is prudent to go ahead with it. Apart 
from the commitment of resources, the only obvious 
risk is that of misdiagnosis. At present, one of the most 
important risks is that of inappropriate termination of 
pregnancy and, in this connection, it is important to 
remember that recent advances in neonatal surgery are 
potentially able to treat many urinary-tract ab- 
normalities, gastroschisis, isolated exomphalos, dia- 
phragmatic hernia and gastrointestinal anomalies. In 
such cases, termination on the basis of ultrasonic fetal 
detection may be unjustifiable (Brereton, 1984). Worst 
of all for the individual, of course, is the termination of 
a normal pregnancy in which fetal abnormality has 
been wrongly diagnosed by ultrasound. 

The use of ultrasound for routine screening in 
pregnancy is controversial. One of the main reasons for 
concern is the numbers of fetuses involved, amounting 
to more than 700000 in the UK every year, with an 
already low rate of poor perinatal outcome. The 
position of the Royal College of Obstetricians and 
Gynaecologists (1984) is that "there are cogent reasons 
to expect benefit to all mothers and babies from a well 
performed scan between 16-18 weeks of pregnancy, but 
there is need for a large well planned prospective study 
to determine the extent of the benefits of routine 
scanning over selective scanning on medical 
indication", The European Federation of Societies for 
Ultrasound in Medicine and Biology (1984) has stated 
that "routine clinical scanning of every woman in 
pregnancy is not contraindicated by the evidence 
currently available from biological investigations and its 
performance should be left to clinical judgement". The 
National Institutes of Health (1984), however, have 
concluded that “data on clinical efficiency and safety do 
not allow a recommendation for routine screening at 
this time". 

Faced with this conflicting advice, what is the 
radiologist to do? It is well known that the usual risk 
factors for intrauterine growth retardation (IUGR) are 
rather non-specific, since only about half the babies 
who are small for dates are born to mothers with these 
risk factors (Neilson, 1979). It has been demonstrated 
(Neilson et al, 1984) that a two-stage screening schedule 
(consisting of an ultrasound examination before 24 
weeks to establish gestational age, followed by a second 
examination at 34-36 weeks to determine the product of 
the fetal crown-to-rump length and trunk-area) has 


high sensitivity and specificity in identifying small-for- 
dates fetuses. The controlled trial, limited to 1533 single 
pregnancies, failed to demonstrate any benefit, in terms 
of management or outcome, from applying the two- 
stage ultrasound schedule to low-risk pregnancies. This 
result, however, strengthens the arguments for having a 
routine scan of every pregnancy before 16 weeks, for 
not only can fetal abnormalities be detected then and 
appropriate action taken, but also the determination of 
gestational age can be a great help in the subsequent 
management of difficult pregnancies, including those 
with IUGR (Whitfield & Neilson, 1984). 

In an evaluation of the cost-benefit of carrying out a 
scan at about 16 weeks for all pregnancies and using his 
own financial estimates, Campbell (quoted in the 
Medical Research Council (1986) report) showed that 
routine scans detected 50 abnormalities in 14622 
deliveries; eight abnormalities had remained undetected 
and there had been one false positive scan. Of those 
detected, seven abnormalities would have been 
predicted to result in severe handicap such that the cost 
of caring for the handicapped individuals over 40 years 
of life would have been more than £2.5 million. The 
total costs of the single routine scans were calculated to 
be about £150000. Seen simplistically from this 
accounting viewpoint (as opposed to the insurance 
viewpoint of Hibbard et al (1985) previously 
discussed), the profit due to routine scanning was more 
than 150094! Although the justification for a second 
routine scan at 32 weeks is less convincing, the evidence 
does seem to amount to proof that routine scanning in 
pregnancy is prudent, given the present prevalence of 
fetal abnormalities and the inappropriateness of 
alternative screening methods, but on/y provided that 
the screening is carried out by adequately trained and 
skilled staff. These figures are, of course, more dramatic 
than those of Hibbard et al (1985) mentioned earlier, 
because they are based only on one inexpensive scan per 
patient and no biochemical or other tests. Moreover, if 
in practice the necessary fraction of the savings cannot 
be made available to cover the costs of scanning, the 
service cannot be provided-—and that does not seem to 
be prudent accounting. 


THE PRUDENT INVOLVEMENT OF THE PATIENT 

In discussing the advisability of having an ultrasonic 
scan, the doctor should explain the anticipated benefit 
of the test to the patient, whether this is to screen for 
asymptomatic disease, leading to earlier detection and 
more effective treatment, to help to diagnose disease, 
leading to appropriate treatment, or to assess the extent 
of disease, leading to more sensible management. In 
relation to the examination procedure, the question of 
safety should be addressed together with such aspects as 
comfort, time, preparation and cost. Patients should be 
informed that there is no reason to believe that 
ultrasonic diagnosis has any risk related to ultrasonic 
exposure. If untoward effects are occurring, they are so 
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rare as to be unnoticeable or so subtle as to be 
impercepüble. 


THE LAYMAN’S SCANNER: A WORRYING PROSPECT 

Now that liquid-crystal image display devices of good 
quality have become available, it is inevitable that a 
new -class of inexpensive real-time scanners will soon 
begin tó'appear. Probably the first of these instruments 
will be designed for use by clinicians and general 
practitioners: they may be pocket-sized and battery- 
operated and, if used responsibly, they should allow 
straightforward investigations to be carried out in the 
office, clinic or ward. Consequently, patients referred to 
radiologists will be likely to be mainly those with non- 
trivial problems requiring an expert approach to 
diagnosis. Since ultrasound appears to be safe, this can 
only be considered to be a good development in the 
practice of medicine. 

The next stage 1n the evolution of this technology will 
likely be the appearance of scanners aimed at the 
consumer market. The cost of such “layman’s 
scanners" will primarily be determined by the size of the 
market and it is conceivable it could be as little as £100. 
It is no good to hope that this challenge to conventional 
mediane will disappear simply because it 1s worrying to 
doctors! There seems to be no scientific basis for 
proposing that cheap scanners should be prohibited by 
regulations, or made available only on prescription! The 
position of the: Royal College of Obstetricians and 
Gynaecologists (1984) ıs that "commercial exploitation 
of antenatal scanning by poorly trained 
merely to let parents ‘see the baby’ 1s to be deplored”. 
All that can be said at the moment is that the medical 
profession should now try to develop a prudent 
response to the inevitable. 


CONCLUSIONS 

Every model of medicine begins with diagnosis, 
implicit ın which is prognosis. These are the basis of the 
decision to act in some way:or another or of the 
conclusion that no action is appropriate at that 
moment. Diagnosis and prognosis are estimates of 
probability based on relating the patient's condition to 
knowledge of other patients with similar features. 

Because clinicians often call for investigations 
uncritically, radiologists during the last few years have 
increasingly emphasised and aimed to impose their role 
in deciding on the appropriateness of the requested tests 
and even in the substitution of other tests. Nowadays, 
radiologists complain if they are asked to carry out a 
particular test rather than to make a diagnosis using 
whatever test or tests they judge to be appropriate. This 
1$ much healthier than simply responding to diagnostic 
inflation by the imposition of indiscriminate rationing. 

Passing reference at least has to. be made to the 
imminent appearance of inexpensive scanners within the 
reach of the clinician, the general practitioner and even 
the layman. It would be prudent now to develop a 
response to this development, rather than waiting to be 


surprised. Another dilemma is posed by the use of the 
live models to demonstrate ultrasonic scanners. Perhaps 
the possibility of coincidental pregnancy complication 
or other illness in such circumstances and the 
consequent threat of opportunistic litigation may be 
inhibitory. 

Hippocrates said, 2400 years ago, "The treatment I 
adopt hall be for the benefit of my patients, and not 
for their injury nor for any evil purpose". It is only in 
the last 300 years or so that doctors have really had to 
balance harm, or risk, against benefit; and individual 
patients often need to be involved in judging the values 
of the harm and the benefit. No one should want to 
change this. The dilemma which needs to be faced now 
arises because society can no longer afford, or is judged 
politically to be unwilling, to provide more resources 
for health care. When all possible efficiency savings 
have been made, when all surplus land and property has 
been sold, one person's heart transplant is at the 
expense of 75 people's hip replacements, doing eight 
ultrasound studies means that one computed tomo- 
graphy examination cannot be done, and so on. In the 
context of this problem, the question of the 
hypothetical msk of ultrasound is clearly relatively 
insignificant in deciding on prudent use. If ultrasonic 
diagnosis causes any harm, it certainly is not obvious. 
The prudence of using ultrasound in screening 
programmes is amenable to financial calculation, and if 
it makes the economists more comfortable, a notional 
value can be placed on the possible damage due to 
ultrasound. It is not fair to expect radiologists to make 
such judgments in the case of individual patients. 
Perhaps one day the thinking may be done artificially 
by computers. For the present, however, 1t 1s necessary 
to be prudent, to use skill and good judgment in the use 
of resources, in determining the qualifications and mix 
of trained and capable staff and the balance of 
appropriate equipment in departments of radiology. 
Rationed in this way, examinations will be chosen for 
their appropriateness and ultrasound will be used with 
prudence. 
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Computed Tomography for Radiographers By M.J Brooker, 
pp. vi+121, 1986 (MTP Press Ltd, Lancaster), £24 95, 

ISBN 0—85200—920-8 

This book ıs aimed at student radiographers and radiographers 
studying for the Higher Diploma It is drvxled into two 
sections; the first describes technical aspects, and the second 
climecal aspects of computed tomographic scanning. 

In the first section an excellent description is given of the 
scanner gantry and table, relating equipment design to 
difficulties in patient handling. This section then discusses X- 
ray production, photon detection and the four generations of 
computed tomography (CT) scanners Diagrams are widely 
used to illustrate these basic principles. Unfortunately, there 
are some inconsistencies between the diagrams and the text In 
describing the vanations between scanners of different 
generations, statements are made which, although not 
incorrect, need to be expanded to avoid confusion to readers 
with no expenence of CT The varaton in radiation dose 
between the different scanners is explained poorly, with 
incomplete reference to the exposure factors used. A table of 
radiation doses would have been a great asset. 

The remaining chapters in the first section deal with unage 
display and recording, image artefacts and departmental 
design Apart from some confusion over window width and 
level, these chapters contain many valid and 1mportant points 
and are well illustrated. 

The second part of the book deals mainly with patent 
preparation and scanning technique, including chapters on 
radiotherapy planning, interventional techniques and 
reformatting Once again, much useful information is given, 
especially in the aspects of patient care, although some sections 
would have benefited from more detailed descriptions. For 
example, in describing the use of contrast media no mention is 
made of the difference between enhancement characteristics of 
the brain and those of other organs In the discussion on 
positioning the patient for bram imaging, no reference us made 
to methods which can be used to reduce radiation dose to the 
lens of the eye. 

Obviously, scanning techniques vary from department to 
department and it ıs difficalt to be dogmatic about correct 
scanning methods. Each anatomical area under investigation 
has been covered and exposure factors quoted. Perhaps the 
author would have been wise to have omitted these factors, as 
other users of the same CT systems may argue that they are on 
the high side. The chapter covering radiotherapy planning and 
specialised techniques 1s well presented, with good illustrations 
and explanations of the various methods. 

The final chapters are devoted to anatomy and pathology, 
the majonty of images are CT scans in the transaxial plane. 
Unfortunately, some of the illustrations m this section are of 
rather poor quality, with some of the computer annotations 
being illegible. Also, 1t seems strange that magnetic resonance 
mages should be included when no reference has been made to 
this imaging technique in the text. 

While there uw a definite need for a book of this type, and 
although some very good pomts have been made with much 
useful information, several sections need expanmon to avoid 
confusing those radiographers with no previous expenence of 
CT scanning 

C. W HART 
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ABSTRACT 
A preliminary study of the temporo-mandibular joint (TMJ) 
by magnetic resonance imaging (MRI) was performed. Ten 
asymptomatic volunteers with no clinical history of TMJ 
disorder and five patients with a recent history of trauma to 
the TMJ were examined using a special surface coil. The 
meniscus, which is only slightly brighter than the surrounding 
tissue, gave a high signal and was demonstrated very clearly in 
its normal position in the controls and shown to be dislocated 
in the post-trauma cases. Four criteria for identification of the 
temporo-mandibular meniscus were established in the normal 
cases and compared with the findings in the pathological cases. 


The temporo-mandibular joint (TMJ) is the articulation 
between the mandibular condyle and the glenoid fossa 
and articular eminence of the temporal bone. An 
articular disc, the meniscus, divides the articulation into 
upper and lower compartments. The meniscus is oval in 
shape and thinner in the middle, giving it a biconcave 
form. A portion of the lateral pterygoid muscle is 
inserted into the anterior part of the meniscus, 
modulating the synchronous movement of the meniscus 
with the head of the condyle (Manzione et al, 
1984a,b.c). 

Most patients complaining of TMJ problems are 
suffering from the dysfunction syndrome. Some cases 
have an extra-articular cause; others have an internal 
derangement involving the meniscus (Guralnik et al, 
1978; Helms et al, 1983; Manzione et al, 1984b,c). 

Considerable effort has been put into finding a 
reliable, non-invasive imaging technique that will 
demonstrate clearly the position. of the meniscus. 
Computed tomography (CT), while encouraging, has, 
so far, had only limited success (North & Rice, 1981). 

Magnetic resonance imaging (MRI) seems to provide 
à clear anatomical picture of the soft tissues of that area 
and, when used with surface-coil technology, has 
marked advantages over other imaging techniques. It is 
non-invasive, does not require ionising radiation, has 
no known side-effects, and has an excellent correlation 
with arthrography of the TMJ. The meniscus is 
demonstrated with the configuration of a biconcave lens 
having a thick posterior band, a thin central portion 
and a thick anterior band. If dislocated, the meniscus 
Author for correspondence: E. Avrahami, M.D.. Department 
of Radiology, Tel-Aviv Medical Center. Ichilov Hospital. 64 
239 Tel-Aviv, Israel. 


can be seen displaced anterior to the condylar head, 
with the jaw in the closed position (Katzberg et al, 
1985). The meniscus has a low signal in the 7, and T, 
images, similar to cortical bone. Perforation of the disc 
was demonstrated and confirmed by surgery. Magnetic 
resonance imaging also gave information about fibrous 
adhesions, ankylosis and post-surgical appearances 
(Harms et al, 1985). 


PATIENTS AND METHODS 

A group of 10 asymptomatic volunteers, six men and 
four women aged 18-38 years, underwent MRI of the 
right and left temporo-mandibular joints. 

Scans were performed on an Elscint GYREX S-5000, 
a superconducting magnet with 0.5 T field strength, 
whole-body MRI scanner. A single-turn, circular 
surface coil, 12cm in diameter, was used as a 
transmitter and receiver. Their improved signal-to-noise 
sensitivity gives surface coils a significant advantage 
over whole-body or head coils for imaging superficial 
structures. This advantage decreases with distance from 
the coil, so that proper coil design is vital for imaging at 
the proper level. The parameters were: (a) field of view, 
12 em; (b) spatial resolution, 0.47 mm; (c) number of 
averages, 1; (d) slice thickness, 0.5 mm. 

Multislice spin-echo sequences with time to repeat 
(FR) of 600 ms, 1000 ms, 1200 ms and 1400 ms, and 
time to echo (TE) of 28 ms and 56 ms were used. 
Reconstruction was done with the 2DFT technique. A 
256 x 256 acquisition matrix was used. Slice width was 
taken at 5 mm. Imaging was performed with a surface 
coil located at the area of the TMJ and the 
examinations were performed in both closed- and open- 
mouth positions. 

After imaging in the axial, coronal and sagittal 
planes, the sagittal plane was preferred in the 
demonstration of TMJ anatomy (Figs 1-4), although a 
change of 2mm or 3mm in the sagittal plane can 
profoundly affect the image of the meniscus. 

Five patients, three women and two men aged 19-41 
years, with a recent history of trauma to the TMJ and 
with symptoms suggestive of internal derangement of 
the meniscus, underwent the same procedure (Figs 5-7). 
Internal derangement of the meniscus was well 
documented in the closed-jaw position. In the open-jaw 
views, after the click, the dislocated meniscus returned 
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Schematic view of the TMJ area: A = meniscus; B = superior 
cavity; C = condylar head; p = inferior cavity; E = articular 
surface of the glenoid fossa; F = articular surface of the 
condylar head; G = external pterygoid muscle, superior belly; 


H = external pterygoid muscle, inferior belly; J = bilaminar 
zone, superior stratum; K = posterior part of capsule: 
L = external auditory meatus; M = articular eminence; 


N = glenoid fossa. 


above the head of the mandibular condyle. The MRI 


findings correlated excellently with the clinical 
symptoms. 

Case REPORTS 
Case l 


A 19-year-old female was referred after sustaining an injury 
to her chin. Prior to the trauma, there had been no complaint 
of any pain or malfunction in the TMJ. At the acute stage, 
pain, swelling and limitation of opening were noted. Two 
weeks after the trauma, a noisy click appeared at 31 mm 
opening of the jaw, with limitation and locking of mandibular 
movements on both sides. A follow-up examination 3 months 
later revealed two symmetrical palpable condyles, slight 
tenderness of the masticatory muscles, normal occlusion, and 
limitation of mandibular movement up to 23mm of the 
opening of the jaw. Locking occurred on every trial opening. 
After a very noisy click and an "S" movement of the mandible, 
the patient reached a full opening of 40 mm. Conventional 
radiographs of the TMJ were within normal limits. Coronal 
CT examination of the TMJ did not demonstrate fractures of 
the head of the mandibular condyle. The MRI examination 
demonstrated the meniscus of both temporo-mandibular joints 
to be dislocated anteriorly to the head of condyle on closed- 
jaw view. After the click (open jaw), the meniscus returned to 
its position above the head of the condyle 


Case 2 

A 20-year-old male was referred because of pain and locking 
of the TMJ. Nine months earlier he had been involved in an 
accident in which he sustained injury to both condylar areas 
Prior to the trauma, the patient was completely asymptomatic. 
During the 9 months after the accident, the patient was treated 
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SPIN ECHO TR=1431MS. TE=c8 . OMS 


Fic. 2. 
Normal left TMJ, The meniscus (arrow) is centrally placed 
between the condylar head and the articular surface of the 
glenoid fossa, A = external auditory meatus. 


with analgesics, muscle-relaxing physiotherapy and bite- 
blocks, but all with limited success. No surgical intervention 
was performed. On opening of the mouth, a painful and 
restricted "S" movement up to 34mm was recorded. On 


IN ECHO 


TR=1600MS . 


Fic. 3. 
Normal left TMJ. Note the distance between the highest part 
of the bone marrow of the condvlar head (arrow) and the 
articular surface of the glenoid fossa (arrow) 
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examination, two symmetrical condyles could be felt and there 
was tenderness over the left condylar area and masticatory 


muscles. Occlusion was normal. Conventional radiographs of 


the temporo-mandibular joints were normal and coronal CT 
slices of the joints excluded fractures of the head of the 
mandibular condyle. 


Cases 3-5 

The remaining three patients had similar features (Table 1) 
They had all experienced a noisy click of one or both temporo- 
mandibular joints on opening of the mouth, and all were 
treated. conservatively. All had normal conventional radio- 
graphs of both joints. Fractures of the head of the mandibular 
condyle were excluded by coronal CT; MRI demonstrated 
unilateral or bilateral anterior dislocation of the affected TMJ. 
These patients had sustained injury to the TMJ areas 2 weeks 
to 3 months prior to the clinical symptoms, and all had been 
previously asymptomatic. 





Fic. 5. Case 1. 


The left meniscus (arrow) is anteriorly located at the condylar 
head, which is eccentrically located in the glenoid fossa. 


1] 


Fic. 4. 
Normal left TMJ. The right image is 
a magnified view of the left slice. 
Visualisation of the fibres of the superior 
(upper arrow) and inferior (lower arrow) 
belly of the external pterygoid muscle. 
The bone marrow of the condylar head 
and the articular surface of the glenoid 
fossa are also well demonstrated. 


RESULTS 

A total of 30 temporo-mandibular joints were 
scanned by MRI in closed- and open-jaw positions. In 
seven, meniscal dislocation was demonstrated which 
was reducible in all of the selected patients. No bony 
changes or adhesions were noted. 

The mandibular condyle, glenoid fossa, articular 
eminence, lateral pterygoid muscles, meniscus, external 
auditory meatus and maxillary sinus are clearly 
demonstrated in Figs 1-3. In the group of asympto- 
matic patients, the following observations were made. 

(1) The mandibular condyle, which is seen with high- 
intensity signal due to its bone marrow content, is 
centrally located in the glenoid fossa, which can be 
identified by its very low intensity of signal (dense bone) 
(Figs 1, 2). 





FiG. 6. Case 1. 


Five millimetres deeper view of the left TMJ showing 
significant reduction of the distance between the condylar head 
(lower arrow) and the glenoid fossa (upper arrow). 
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FiG. 7. Case 2 


Anterior dislocation of the left meniscus (arrow). Reduction of 


the distance between the condylar head and the glenoid fossa. 

The meniscus gives a high signal. In this cut it i5 of oval shape 

It is somewhat darker than the bone marrow of the 

mandibular condyle. The angulated bright linear structure 

which represents the superior belly of the external pterygoid 
muscle is seen more anteriorly 


(2) The intra-articular space between the condyle and 
the glenoid fossa is clearly delineated. The width of the 
joint space was assessed and the maximum distance 
measured between the lowest point of the articular 
surface of the glenoid fossa and the highest point of the 
bone marrow of the condylar head (Fig. 3). This was 
found to be approximately 5 mm. 

(3) The central part of the meniscus is located above 
the head of the mandibular condyle in the depth of the 
glenoid fossa (Fig. 2). The meniscus itself is 
demonstrated as a bright structure, limited superiorly 
by the dark cortex of glenoid fossa and inferiorly by the 
dark cortex of the mandibular condyle. The connection 
of the antenor portion of the meniscus with the 
superior belly of the lateral ptervgoid muscle is seen as 
a higher signal (bright structure), delineated superiorly 


and inferiorly by lower signals (darker structures), most 
probably belonging to the meniscus. The most posterior 
of the meniscal bright structures probably represents 
fatty tissue of the bilaminar zone, which gives poor 
demarcation of the most posterior part of the meniscus 
(Fig. 2). 

(4) The fibres of the lateral pterygoid muscle divide 
into two heads which can be clearly seen inserted into 
the anatomical! neck of the condyle and the anterior 
part of the meniscus (Fig. 4). They were shown in all 
cases clearly in a plane 5 mm lateral to the plane where 
the meniscus had best been demonstrated on TR 
1200 ms and TE 28 ms. The coronal and axial images of 
the meniscus were less clear because of the larger 
distance to the surface coil. The open-mouth images 
were less diagnostic and are not considered further. 


The following observations were made in the five 
trauma Cases. 


Case 1 (Figs 5, 6) 

(1) An eccentrically located mandibular condyle 
(Fig. 5), pushed posteriorly and inwards in relation to 
the concavity of the glenoid fossa. 

(2) The meniscus, which gave a high signal, could be 
seen anterior to the condyle (Fig. 5) as a bright, round 
structure. No concavity was demonstrated because of 
the meniscal rotation. 

(3) The intra-articular space was reduced to 1-2 mm 
(Fig. 6). 


Case 2 (Fig. 7) 
(1) The mandibular condyle was situated deeply in 
the glenoid fossa. 
(2) A markedly reduced joint space (less than 2 mm). 
(3) An anteriorly dislocated meniscus. 


Cases 3-5 

Similar findings were demonstrated in these three 
patients: the condyles lay deep in the glenoid fossa or 
were eccentrically located; the meniscus was dislocated 
anteriorly and the intra-articular space was reduced to 
2 mm or less. 


TABLE I 


THREE POST-TRAUMATK 


PATIENTS WITH ANTERIOR DISLOCATION OF THE MENISCUS. DOCUMENTED BY MRI 





Case Age Sex Affected Pain, Jaw Swelling  Crepitations Location of Time of clinical 
(years) TMJ tenderness opening by condylar head diagnosis after 
click (mm) on MRI trauma 
3 3] F Right None 31 + - Eccentric 4 weeks 
4 41 I Left Mild 33 - - Eccentric 3 months 
5 20 M Both Moderate 27 + + Concentric left, 2 weeks 


eccentric right 
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Conclusion 

The TMJ in this series was demonstrated normally as 
a biconcave, bright structure located above the 
mandibular condyle. When dislocated, the meniscus 
had a different shape (round or oval) due to its rotation 
and lay anterior to the condyle at various height levels. 
On opening the mouth, and after the click, the meniscus 
returned to its position above the condyle and the MRI 
appearance was similar to that in normal patents. 


DISCUSSION 

The central portion of the meniscus is composed of 
collagen organised in anteriorly-posteriorly orientated 
sheets. Chondroid cells have not been identified in it 
below the age of 30 years. The posterior attachments of 
the meniscus are part of the bilaminar zone, which 
contain two strata of fibres with connective tissue and 
fat between them The superior stratum, attached to the 
tympanic plate, is composed of elastin rather than 
collagen. Since the meniscus in the healthy TMJ is 
tightly attached to the medial and lateral aspects of the 
condyle, its attachment to bone posteriorly must be 
clastic in order to allow it to move forward with the 
condyle. The inferior stratum of the bilaminar zone is 
not stretched as the condyle moves forward because the 
meniscus also rotates posteriorly, relieving any tension 
in this stratum Above the postero-superior aspect of 
the condyle, and anterior to the bilaminar zone, the 
meniscus 18 very vascular. This area 1s called “genu 
vasculosa" (the vascular knee) Blood vessels 
completely encircle the avascular central area of the 
meniscus, with blood being shunted back and forth with 
jaw function to compensate for changes in volume of 
the condyle as it vacates one space and fills another. 
The anterior extension of the meniscus at 1ts attachment 
to the superior belly of the lateral pterygoid 1s also very 
vascular. The higher vasculanty and, therefore, higher 
concentration of hydrogen atoms explain the higher 
signal of the meniscus, which is demonstrated as a 
bright structure The superior belly of the lateral 
pterygoid muscle and the anterior part of the bilaminar 
zone (because of its fat content) have a hydrogen atom 
content similar to that of the meniscus and there 1s, 
therefore, no clear delineation of the meniscus 
anteriorly and posteriorly 

The demonstration of the meniscus with higher 
signals as a bright structure correlates with some of the 
findings of Harms et al (1985). The low signal received 
from the meniscus and its demonstration as a dark 
structure (Katzberg et al, 1985) could be explained by 
different time to echo 

Conventional radiographic and CT studies of the 
TMJ are of great importance in assessing bony 
abnormalities (Kaban & Bertolani, 1981; Horowitz et 
al, 1982, Avrahami et al, 1984, Avraham: & Horowitz, 
1984; Thompson et al, 1984). However, traumatic 
degenerative arthritis, ankylosis and neoplasia account 
for a small percentage of patients with TMJ symptoms. 
Katzberg et al (1980) showed no significant difference in 


the condylar position between normal patients and 
those with an antenorly displaced meniscus. While TMJ 
arthrography indirectly visualises the intra-articular 
anatomy, the morbidity of that invasive technique limits 
its use. Manzione et al (1983, 1984a,b) have compared 
CT examination with arthrography of the TMJ with 
good results. 

Using MRI, the ability to demonstrate the meniscus 
in any desired plane without reconstruction techniques 
has an obvious advantage over other modalities. An 
important advantage is the lack of bone artefact and 
interference, thus allowing the examination of the 
meniscus itself. Examination with a surface coil 
significantly improved the visualisation of the TMJ 
area, creating images comparable with those in 
anatomical atlases. 

We recommend the performance of additional MRI 
sequences, changing the depth of the sagittal plane by 
2-3 mm to obtain optimal imaging of the meniscus. 

The first 10 patients examined were assumed to 
represent normal anatomy, since no history or clinical 
findings of TMJ disturbances was forthcoming. 

The five cases representing disease of the TMJ were 
selected from a large group of symptomatic patients 
suffering from TMJ dysfunction syndrome. The fact 
that these 10 symptomatic patients presented a very 
clear normal history before injury and a clear clinical 
picture of an intracapsular disease (probably internal 
derangement) after injury justified the comparison 
between the two groups. 

The MRI findings in symptomatic patients with 
sagittal images in the closed-mouth position are’ deep 
and eccentric position of the condyles, reduction of 
joint space, and anterior position of the meniscus. 
These findings are sufficient to establish the diagnosis of 
anterior dislocation. 

The advantage of the method is that it is non-invasive 
and demonstrates the soft tissues effectively without 
morbidity or irradiation 
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ABSTRACT 

There are two common methods of obtaining high-quality 
screening mammography: screen-film mammography (more 
simply, mammography) using a dedicated unit, and xero- 
mammography. We studied the accuracy of the two techniques 
in detecting breast cancer by a retrospective study, analysing 
accuracy of interpretation in cases where both mammography 
and xeromammography were performed. Seventy-six patients 
were considered with 86 biopsies and mammograms resulting 
in detection of 32 cancers and 54 benign lesions. There was no 
difference in accuracy of interpretation between mammo- 
graphy and xeromammography. The sensitivities were: 
mammography 0.91, xeromammography 0.88. The specificities 
were: mammography 0.63, xeromammography 0.75. We 
conclude that both modalities are comparable in detecting 
cancer when optimal technique and experienced personnel are 
used. 


Breast cancer is the most frequent cancer and the 
leading cause of death in women, affecting one out of 
every 11 American women (Seidman, 1972). Accurate 
and early detection are essential in controlling this 
disease. Mammography is accepted as a significant 
advance in the early detection of breast cancer 
(McLelland, 1978; Anderson et al, 1979; Dodd, 1984; 
Moskowitz, 1984). 

With the renewed emphasis on screening mammo- 
graphy and breast-imaging centres, the use of mammo- 
graphy is increasing. The practice of the best possible 
mammography requires optimal technique and an 
experienced, knowledgeable interpreter. There are two 
well established techniques used in mammography 
screening: screen-film mammography using a dedicated 
unit with low-kilovoltage X-ray source (molybdenum) 
and screen-film systems, and xeromammography. 

There are many factors to consider in deciding which 
mammographic system to employ: cost, radiation dose, 
ease of use, durability, reliability, personal preference, 
and accuracy of the technique. Accuracy of cancer 
detection is obviously the main consideration and any 
other factor would be secondary if one technique were 
more accurate than the other. 
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At the time of this study at Guy's Hospital in 
London, both mammography and xeromammography 
were being performed routinely on each patient. This 
enabled us to undertake a retrospective study of the 
accuracy of the two techniques in detecting breast 
cancer. 


PATIENTS AND METHODS 

All patients having a breast biopsy performed at 
Guy's Hospital Breast Unit from 1978 to 1980 were 
identified. The medical records of these patients were 
reviewed for identification of their mammograms, 
descriptive information, and pathological and surgical 
results. 

A Philips-Mammo D unit with molybdenum target 
tube, 30 um Mo filter and nominal focal spot size 
0.0 mm was used with Kodak Min-R screens and 
Kodak Min-R film. No grids were used. Films were 
processed in a Pako XU 2 min processor at 30°C. 
Average exposure settings used were 28-35 kVp and 
automatic mAs exposures. The xeromammography 
technique utilised the same Philips Mammo D unit 
(same tube and filtration) with exposure settings of 
45—49 kVp, 200 mA and 0.08-1.0 s. Dosimetry studies 
using lithium fluoride chips were performed in 12 
patients. For mammographic studies one thermo- 
luminescent dosemeter (TLD) was placed on each 
breast in the upper medial quadrant and left in position 
for all four radiographs. For xeromammographic 
studies a separate TLD was left in a similar position for 
the two views. Xeroplates (positive mode) were 
processed with a Xerox 125 unit. 

Dosimetry measurements using lithium fluoride chips 
gave mean skin entrance doses of 1.32+0.44R 
(3.41 x 10 * 1.14 x 107* C/kg) (combined four views) 
for mammograms  (n- 12) and 6.87+1.38R 
(17.72 x 107 * - 3.56 x 107 * C/kg) (combined two views) 
for xeromammograms (7 = 12). 

Mammographic examination at. Guy's consists of 
cranio-caudad and medio-lateral views with screen- 
film combinations and a  Lundgren-type oblique 
medio-lateral survey view by xeromammography 
(Lundgren, 1979). For purposes of comparison medio- 
lateral views were used in both techniques. The 
mammograms were read in random order by one of us 
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(J.C.), without knowledge of the pathological result, 
and each was rated as having evidence of cancer, 
possibly having evidence of cancer, or having no 
evidence of cancer. The reader is experienced in 
mammography and in interpreting both types of 
radiograph. The xeromammograms were read in the 
same manner at least 2 weeks after the mammogram 
readings, to reduce the likelihood of recall of previous 
interpretation. At the time of reading, note was made of 
the presence and character of microcalcifications and a 
hand-held magnifying lens was used throughout. The 
interpretations from the two readings (mammographic 
and xeromammographic) were compared with the 
pathological results and analysis made of the sensitivity, 
specificity and predictive value for the separate 
readings. Differences between the sensitivity and 
specificity values were calculated using a test for 
difference in correlated data (Galen & Gambino, 1975). 
In addition, the techniques were compared as to 
agreement of results, using a kappa statistic (Fleiss, 
1981). 


RESULTS 

A review of medical records identified 76 patients 
who had had 86 biopsies and associated mammograms. 
The mean age of the patients was 51.5 (range 27-75) 
years. Of the 76 patents, 32 had biopsies positive for 
cancer and 54 had benign disease. 

The results of the accuracy analysis are presented in 
Table I. For determining sensitivity and specificity we 
have chosen to err on the side of false positives by 
calling indeterminate mammographic interpretations 
positive. 

The sensitivity of mammography was 0.91, and of 
xeromammography, 0.88. There was no statistical 
difference between the two (r= 0.29, p> 0.8). The 
specificity of mammography was 0.63; of xeromammo- 
graphy, 0.75. There was no statistical difference between 
mammography and xeromammography in specificity 
(t = 1.8, p > 0.05). 

Given that the two methods do not give different 
results, the next questions addressed were: how strong is 
the agreement between mammography and xero- 
mammography? Also, when there is disagreement, 
which is more accurate? Table II shows the results of 
the agreement analysis. Kappa statistic for agreement 


TABLE I 


ACCURACY OF MAMMOGRAPHY AND XEROMAMMOGRAPHY WITH 
95% CONFIDENCE INTERVALS 


Mammography Xeromammo- 
graphy 
Sensitivity 0.91 4: 0.06 0.88 +0.06 
Specifkaity 0.63 4: 0.10 0.75 0.10 
Positive predictive value 0 58+0 10 0 67+0 10 
Negative predictive value 0 92:0 06 0.91 +0.06 


TABLE I 


MATCHED-PAIR AGREEMENT OF EACH MAMMOGRAM AND 
CORRELATED XEROMAMMOGRAM 


Mammography Xeromammography 
results results 

Cancer Nocancer Total 
Cancer 39 il 50 
No cancer 3 33 36 
Tota! 42 44 86 


equalled 0.67, with a standard error of 0.11. Kappa is 0 
when agreement 1s expected exactly by chance, and | 
when there is complete agreement. À kappa of 0.67 
shows good agreement between mammographic and 
xeromammographic interpretation. 

The pathology results for the patients compared with 
the overall mammographic and xeromammographic 
interpretations are shown in Table III. In the three 
patients with cancer, the mammographic interpretation 
was correctly interpreted twice and the xeromammo- 
graphic once. In the 11 patients without cancer, the 
mammogram was correctly interpreted twice and the 
xeromammogram nine times (Table IV). Overall, when 
there was disagreement between the two interpretations, 
the reading from the mammogram was accurate 29% of 
the time, and from the xeromammogram, 71% of the 
time. 

Characterisation of calcifications did not differ 
between the mammogram and the xeromammogram. In 


TABLE III 


COMPARISON OF RADIOGRAPHIC RESULTS WITH PATHOLOGY POR 
MAMMOGRAPHY AND XEROMAMMOGRAPHY 


Technique Interpretation Pathology results 
Cancer Benign 
Mammography positive 29 21 
negative 3 33 
Xcromammography positive 28 i4 
negative 4 40 
TABLE IV 


COMPARISON OF RADIOGRAPHIC AND PATHOLOGICAL RESULTS 
IN CASES WHERE MAMMOGRAPHIC AND XEROMAMMOGRAPHIC 
RESULTS DIFFERED 


Pathology results 

Cancer No cancer 
Mammogram + /xeromammogram— 2 9 
Mammogram—/xeromammogram+ | 2 
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some instances calcifications were more easily seen with 
one modality compared with the other, but in no 
instance was calcification seen with one technique and 
not the other. 


DISCUSSION 

Guy’s Hospital is a large referral hospital and the 
cases were referred because of suspicion of disease. 
However, there were some in which mammography 
detected the lesion and biopsy was recommended solely 
on the basis of the mammograms. Case histories were 
incomplete in some instances and an accurate deter- 
mination of symptomatic versus asymptomatic 
individuals was not possible. 

Mammography is a well established technique in the 
early detection of breast cancer (Moskowitz, 1984) It 1s 
recognised that optimal technique and expenenced 
personnel are required for the best results Previous 
studies which have compared accuracy of the detection 
of breast cancer with mammography and xeromammo- 
graphy have reported superiority of xeromammography 
(Ruzicka et al, 1965; Wolfe et al, 1971; Brebner & 
Judelman, 1975). These studies, however, were under- 
taken before recent significant technical improvements 
in film-screen technique, e.g. molybdenum target 
anodes and faster, higher-detail film—screen combina- 
tions. Indeed, ın one of these reports (Brebner & 
Judelman, 1975) the study was abandoned due to the 
finding of "increased information and detail" with the 
xeroradiographic system. Later studies (Egan et al, 
1977, Sickles, 1981) showed no major superiority of one 
technique over the other and even a slight preference 
for mammography (Egan et al, 1977). In this series, 
therefore, we have used mmproved screen-film mammo- 
graphic and xerographic systems to see if one technique 
18 superior in detecting cancer, and compared them to 
evaluate specific agreement. 

Our dosimetry data show excessively high doses when 
utilising xeromammography. This 1s 1n part due to the 
molybdenum filtration employed. A shift to aluminium 
filtration would have reduced the dosage but could not 
be added as a removable feature on a relatively old unit. 

The results of sensitivity, specificity and predictive 
values found no statistical difference between mammo- 
graphy and xeroradiography. 

The high sensitivity (few false negatives) and low 
specificity (high false positives) can be partially 
explained by the nature of our analysis. We equated the 
equivocal result as positive, thus artificially inflating the 
positive rate from a more realistic clinical situation. 
Another potential bias of our results is due to the fact 
that all cases came to biopsy, creating a high prevalence 
of cancer in the population studied, and reducing the 
number of disease-free individuals. This would have the 
effect, statistically, of 1ncreasing the predictive value of 
a positive result, or reducing false positives. This is 
balanced in our study by the decision to call equivocal 
studies positive, which would increase the false 
positives. When comparing the two modalities, both 


were operating under the same potential bias. Thus, the 
comparison would not be biased, though the actual 
values of the sensitivities may not be universally 
applicable. 

The same equipment was used for both mammo- 
graphy and xeromammography, potentially removing 
the advantage of xeromammography in allowing better 
imaging of the chest wall. It 1s possible that the addition 
of a view that images the chest wall would lower the 
false negative results since lesions are sometimes 
detected only on this view (Bassett et al, 1980; Pagani 
et al, 1980). 

Analysis of disagreement data (Tables HII and IV) 
showed that, though not statistically different, there 
were fewer false positives with. xeromammography 
There was no difference in false negatives Thus, with 
equal ability to identify positives, xeromammography 
was slightly better at correctly identifying negatives. 
Most mammographers and cliniaans agree that, in 
screening, it is most important to reduce the number of 
false negative examinations. Such a patient is easily lost 
to follow-up or followed up too late to cure the disease 
Thus, it is desirable to be conservative and to err on the 
side of reducang the number of false negatives. False 
positives, though not desirable because they may lead to 
needless biopsy, are more acceptable if they result in 
detection of minimal breast cancer and possible cure of 
the patient. In this senes, we found film-screen 
mammography and  xeromammography equally 
effective in cancer detection. 

Sickles (1982) has shown that xeromammography is 
better than mammography 1n detecting microcalcifica- 
tions in in-vitro experimental studies. Our study does 
not show this in the clinical setting when one pays 
meticulous attention to detail. Indeed we had cases 
where calcifications were better shown by xeromammo- 
graphy and cases where the reverse was true. In no case, 
however, were the calcifications "invisible" We would 
agree, as a general rule, that they are easier to see with 
xeromammography (no magnifying lens required) 
Focal spot size is probably a more important factor 
than the film receptor in detecting calcifications. 

Our results would have been stronger 1f we had had 
more than one reader, and a more representative sample 
of the screened population However, in women 
referred for biopsy, our results suggest that film-screen 
mammography and xeromammography are both 
excellent methods of detecting breast cancer 

More recent improvements, including the use of grids 
for enhanced contrast, are now standard (Egan et al, 
1983). The xerography technique has also benefited 
from the use of aluminium filtration with the negative 
mode and has the great advantage of being compatible 
with a tungsten anode. Significant dose reductions have 
been achieved (Keddy & Brebner, 1980) and other 
developments, such as magnification, have been 
instituted since the beginning of our study. It would 
be speculative to try to anticipate the future method of 
choice and further studies of this type will be required. 
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ABSTRACT 

Failure to visualise the intra-abdominal! portion of the inferior 
vena cava (IVC) using contrast-enhanced computed tomo- 
graphy (CT) is unusual A review of 1272 contrast-cnhanced 
abdominal CT examinations revealed that the IVC was not 
viable at one or more levels in only 132 (10.4%). In 57 (43%), 
non-visuslisation was due to pathological procesees, most 
frequently metastatic carcinoma, causing compression or 
thrombosis of the IVC In the remainder, technical factors or 
artefacts could explain the non-visualisation. Techniques and 
procedures to improve visualisation of the IVC are discussed 
Failure to visualise the IVC on CT at any level unexplained by 
artefacts 1s abnormal 


Computed tomography (CT) has proved to be an 
excellent non-invasive method for investigating the 
inferior vena cava (IVC). Congenital anomalies (Mayo 
et al, 1983), IVC obliteration, or involvement with 
primary and secondary neoplasms (Marks et al, 1978; 
Weyman et al, 1980, Chauhan et al, 1981), as well as 
caval thrombosis have been described (Zerhouni et al, 
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1980; Vujic et al, 1981). The abdominal portion of the 
normal IVC can usually be recognised at all levels 
below the liver on contrast-enhanced abdominal scans. 
Failure to visualise the IVC should be considered 
suspicious and an explanation sought. This study was 
undertaken to determine the frequency and causes of 
non-visualisation of the IVC. 


METHODS 

A review of 1272 consecutive abdominal contrast- 
enhanced CT scans performed over a 2-year period 
(January 1981-January 1983) on a GE 8800 CT scanner 
(scan times 4.8—9.6 s) was undertaken to determine the 
incidence of failure to visualise adequately any portion 
of the abdominal IVC. Contiguous slices 1 cm-thick 
were obtained from the dome of the diaphragm to the 
symphysis pubis following intravenous contrast en- 
hancement (300 ml of 30% Conray (May & Baker) 
injected as a rapid infusion through the antecubital 
vein). In cases where IVC abnormalities were suspected, 
confirmation by the chnical data, pathological material 
obtained at surgery or autopsy, standard inferior 


TABLE I 
NON-VISUALISATION OF ABNORMAL IVC on CT 
Pathological process No. of patients IVC segment involved Totals 
Supra Renal Infra 
Carcinoma, cervix 5 — 3 5 8 
Carcinoma, prostate 5 2 4 5 11 
Renal-cell carcinoma 8 l 8 l 10 
Recurrent renal-cell carcinoma 4 2 i l 4 
Lymphoma 5 — 5 4 9 
Thrombosis 3 v — 3 3 
Adenocaranoma (unknown source) 2 — 2 2 4 
Abscess (bacterial) 3 2 I — 3 
Left cava 2 — — 2 2 
Trauma 2 — l I 2 
Carcinoma, 2 | l 0 2 
Others (see Results) 16 4 10 12 26 
Totals 57 12 36 36 84 


1163 


VoL. 59, No. 708 


J. H. Stanley, F. Sanchez, I. Vujic and S. I. Schabel 


LI 


- 


~ E e 
B > Sut ^ 


venocavograms performed via percutaneous femoral 
vein catheterisation, or CT cavography with contrast- 
medium injection via the foot veins was obtained. There 


was a minimum of 18 months of clinical follow-up of 


these patients 

The IVC was divided into three segments: the 
suprarenal segment was defined as the area from the 
entrance of the IVC into the caudate lobe of the liver to 
approximately | cm above the level of the renal veins; 
the renal segment was lcm above and below the 
entrance of the renal veins into the IVC; and the 
infrarenal segment was from a level | cm below the 
renal veins to the confluence of the iliac veins. Each CT 
slice was examined for visualisation of the IVC. Non- 
visualisation was defined as failure to identify the IVC 
at any level due to partial or complete loss of the caval 
margins (e.g. adjacent mass effect. or tumour replace- 
ment) or the complete absence (e.g. congenital absence 
or chronic thrombosis). The causes for non- 
visualisation. were divided into technical and patho- 
logical categories. 


RESULTS 

Of the 1272 examinations performed, there was 
failure to visualise part of the abdominal IVC in 132 
patients (10.4%). Over half of these (76/132, 58%) were 
due to technical factors. This most commonly occurred 
as a result of high-density streak artefact caused by 
adjacent barium within the gastrointestinal tract or by 
surgical clips (36/76, 47%). Other frequent technical 
factors included patient movement (19/76, 38%). a 
combination of movement and high-density artefacts 
(15/76, 20%), and inadequate retroperitoneal fat (6/76. 
8%). 

Approximately one in 20 patients examined (57/1270, 
4.5%), shghtly less than half of those with non- 
visualisation of the IVC, had pathological processes 





Fic. | 
(A) There was failure 
to visualise a normal 
abdominal IVC in 
this Egyptian patient 
with Budd-Chiari 
syndrome secondary 
to a previous in- 
fection with schisto- 
somiasis. A CT scan 
during injection of 





contrast medium 
into the foot veins 
demonstrated only 
collateral vessels 
i (arrows). (B) A stan- 
ə dard venocavogram 
showing numerous 
paravertebral col- 
laterals without 





l | visualisation. of the 
H normal IVC. 
producing caval non-visualisation (Figs 1-3). There 
were 84 segments of the IVC which were not visualised 
in the 57 patients (Table I). The renal and infrarenal 
segments were visualised least frequently (36 patients 
cach). 

Pathological processes which occurred only once are 
grouped under “Others” in Table I. These included 
neuroblastoma, hepatoma, Budd-Chiari syndrome 
secondary to schistosomiasis, adrenal carcinoma, idio- 
pathic renal vein thrombosis, biliary cystadenoma, 
tuberculous abscess, phaeochromocytoma, retroperito- 
neal sarcoma, ovarian dermoid, previous caval ligation, 
pancreatic pseudocyst, retroperitoneal haemangioma, 
and metastatic carcinoma of the breast. colon and 
bladder. 


DISCUSSION 
Computed tomography offers a quick and accurate 
non-invasive method of investigating patients with 
suspected caval abnormalities (Marks et al, 1978: 
Weyman et al, 1980; Zerhouni et al, 1980; Chauhan et 
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FIG. 2 
(A) The normal IVC was not visualised at the renal or suprarenal level in this patient with bilateral renal-cell carcinoma. (B) A CT 
scan performed during contrast-medium injection into a foot vein demonstrated almost complete occlusion of the IVC with 
tumour (cursor on tumour). (C) Standard venocavogram confirmed the CT finding of tumour within the IVC (arrows) 


al, 1981; Vujic et al, 1981; Mayo et al, 1983). The IVC is 
the largest vein in the body and should be easily seen on 
contrast-enhanced CT scans. Its size, shape and contour 
should be studied for signs of abnormality on each 
image of an abdominal CT scan. The only exception to 
this is the hepatic segment of the IVC which is often 
difficult to evaluate if the CT examination is performed 
after the equilibration of intravascular and hepatic 
parenchymal contrast medium. However, even this 
segment may be adequately examined using intravenous 
bolus injections of contrast medium. Since bolus 
injections were not routinely given to all patients, the 
area was excluded in this study. 

In our series, non-visualisation of the [VC occurred 


usually as a result of technical causes. Primary or 
secondary malignancy compressing or directly involving 
the cava accounted for the majority of the remainder 
(42/57, 74%). Surrounding lymphadenopathy resulting 
in loss of fascial planes between the nodal mass and 
[VC accounted for approximately half (20/42, 48%) 
the cases of non-visualisation due to malignancy. 
Surprisingly, the process that most extensively involved 
the abdominal IVC, producing the longest segments of 
non-visualisation, was lymphadenopathy due to meta- 
Static carcinoma of the prostrate. 

In addition to technical causes and non-visualisation 
due to masses, absence of the IVC can also account for 
failure of identification. This is rare. occurring in only 
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FiG. 3. 


In this patient with carcinoma of the prostate, there was 
diffuse para-aortic adenopathy causing non-visualisation of the 
renal and infrarenal segments of the IVC. 


four cases (0.3%) in this series. In two cases, the IVC 
was not visible on CT and only small collateral vessels 
were present on standard cavograms. Each patient had 
had prolonged periods of bed rest and recurrent venous 
thrombosis over many years. A third patient with severe 
atherosclerotic disease had occlusion of the lower 
abdominal aorta and absence of the infrarenal IVC. 
The fourth patient was assumed to have congenital 
absence of the IVC as he had no identifiable IVC and 
only retroperitoneal collateral veins, with no historical 
incident to explain caval thrombosis. 

While this study did not attempt to determine the 
presence or absence of IVC obstruction, it is apparent 
that many conditions known to cause obstruction can 
also cause non-visualisation. Obstruction of the IVC is 
usually due to thrombosis, or compression or direct 
caval invasion by neoplasms (Harris, 1976). The 
infrarenal segment of the IVC is most commonly 
obstructed secondary to ascending thrombus formation 
due to thrombophlebitis and occasionally due to 
compression by adjacent tumours. Caval thrombosis 
secondary to ascending thrombophlebitis was an 
uncommon cause of caval non-visualisation since the 


thrombosed cava is clearly visualised in the majority of 


cases. The renal segment of the cava is most frequently 
obstructed due to direct tumour involvement from 
renal-cell carcinoma or retroperitoneal spread of other 
malignancies which were common causes for non- 
visualisation of the renal segment of the IVC in our 
series. Obstruction of the suprarenal and hepatic 
portions of the IVC usually occurs due to primary or 
secondary liver malignancies. 

Twenty-three of 57 patients (40%) with pathological 
non-visualisation had clinical symptoms (principally, 
marked lower-extremity oedema) consistent with IVC 


obstruction. Fourteen of these patients had standard 
IVC cavograms via femoral vein catheterisation and/or 
CT cavography performed via foot vein injections. All 
14 had IVC obstruction. Eight patients had both CT 
and standard cavograms and all patients with a positive 
CT cavogram had a positive standard inferior vena 
cavogram. Despite anticipating false positive CT 
examinations performed via foot vein injections (Glazer 
et al. 1981), we did not encounter this. In the remaining 
32 patients with non-visualisation on CT and no clinical 
evidence of IVC thrombosis, seven with diffuse 
metastatic disease subsequently developed clinical 
symptoms consistent with IVC obstruction over the 18- 
month follow-up period. 

In summary, when failure to visualise the abdominal 
portion of the IVC at any level on a contrast-enhanced 
CT scan has no technical cause, serious intra-abdominal 
pathology should be suspected, of which the principal 
causes are lymphadenopathy secondary to metastatic 
tumours or direct involvement of the IVC from 
malignancy. If clinical symptoms of IVC thrombosis are 
present, almost all patients will have IVC thrombosis or 
obstruction. This can be confirmed by CT cavography 
or standard inferior vena cavography. 
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ABSTRACT 
Percutaneous transluminal angioplasty was performed success- 
fully in five of six patients with complete iliac artery occlusion. 
All of the patients were at high msk because of various co- 
existing diseases. The kength of occlusion ranged from 3.0 cm 
to 120cm. No significant complications requinng surgery 
occurred during or after the procedures Follow-up of patients 
revealed that the veasels were still patent after 3-22 months. 
Percutaneous transluminal angioplasty of totally occluded iliac 
arteries may represent the therapy of first choice even in the 


high-risk group 


Percutaneous transluminal angioplasty (PTA) has been 
widely applied to short, segmental stenosis of the iliac 
arteries, but there have been few reported cases of PTA 
in totally occluded iliac arteries (Colapinto et al, 1981; 
Ring et al, 1982; Colapinto, 1983; Pilla et al, 1984). 
The application of PTA to total iliac occlusions in poor- 
risk patients has been considered to be less desirable 
because of the technical difficulty of the procedure and 


performed recanalisation and dilatation in six high-risk 
patents with totally occluded ilac arternes with 
excellent results 


MATERIALS AND METHODS 

Five men and one woman, aged 61-84 (average 70.8) 
years, underwent PTA (Table D. The symptoms had 
been present for more than 5 months All of the 
patients were at high risk because of age, hypertension, 
generalised arteriosclerosis, or a history of cerebro- 
vascular disease or myocardial infarction. None could 
be considered for vascular surgery. 

Intravenous digital subtraction angiography (DSA) 
was performed initially in all patients to assess the site 
and extent of the obstruction. Conventional arterio- 
graphy was attempted at the same time as angioplasty. 

In most cases the femoral artery could be punctured 
without difficulty, even when pulsation was absent, and 
this was done via the ipsilateral femoral artery in all 


the possibility of distal embolisation. We have cases. 
TABLE I 
SUMMARY OF SIX PATIENTS WITH PTA OF COMPLETE ILIAC ARTERY OCCLUSION 
Case Age (years)/ Symptoms Duration* Co-exusting Site/length Other vascular Technical Late results 
Sex (months) diseases of occlusion  disease/therapy result 
I THF Rest pain 6 Mitral stenosis, Rcommon/ R popliteal Success 22 months 
cerebral infarct 4.0 cm occlusion patent/no rest 
2 84/M Claudication 7 Cerebral infarct, L common/ R common iliac Success 18 months 
myocardial 35cm stenosis/PTA patent/ 
infarct, diabetes asymptomatic 
3 61/M Claudicahon 5 Cerebral L external/ R external iliac Success 8 months 
haemorrhage 105cm stenoms/PTA patent/ 
claudication 
improved 
4 62/M Claudicaton Uncertain Bilateral L common and R external iliac Failure Surgery 
internal carotid. external/ stenosis/surgery performed 
stenosis 12.0 cm 
5 66/M Claudicaton Uncertain  Hypertengon R external/ L external iliac, Success 3 months 
3.0 cm SFA stenosis/ patent/ 
PTA claudication 
improved 
6 75/M Gangrene 13 Hypertension, L external/ L SFA Success 3 months 
amputation of 12.0cm occlusion/PTA patent/gangrene 
R leg 
SFA = superficial femoral artery. 


*Duration from the episode of exacerbation. 
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Recanalisation of the obstructed segment of the iliac 
artery was performed by introducing a 5-French van 
Andel catheter with a straight, 0.035-inch guide-wire. 
Slow, gentle advancement of the catheter and guide- 
wire assembly enabled passage through the occlusion 


which often consisted of soft, poorly organised 
thrombus. Minimal force was needed to advance the 
guide-wire in most cases. The catheter was then 
exchanged for an appropriate dilating balloon catheter 
(usually an 8-10 mm balloon, 3-4 cm long). 





Fic. |. Case 2 
(A) Before PTA: there 1s complete occlusion of left common 
iliac artery (arrows). There is also stenosis of the right common 
iliac artery. The late phase of the angiogram showed good run- 
off of left external iliac and common femoral arteries (not 
presented). (B) Immediately after PTA: there is good 
recanalisation and dilatation of the left common ilac artery 
(C) Ten months after PTA: intravenous DSA confirms the 


patency of the left iliac arters 


After PTA, intravenous urokinase was administered 
at a dose of 96000 IU;day for 7 days and ticlopidine 
300 mg/day was given for 3 months. Late results were 
assessed by clinical examination and intravenous DSA. 


RESULTS 

In five cases, PTA was successfully performed, as 
shown bv the post-PTA angiograms (Figs 1, 2). It was 
unsuccessful in a patient with combined occlusions of 
common and external iliac arteries but who subse- 
quently underwent vascular surgery. 

All patients had associated occlusive lesions of the 
lower extremities, which in four cases were also treated 
by PTA. 

In Case 4, arterial perforation by the guide-wire 
occurred without clinical consequence. In Case 3, 10 
days after PTA, follow-up examination by intravenous 
DSA revealed left popliteal occlusion which recanalised 
spontaneously, probably as a result of urokinase 
administration. The patient had no ischaemic symptoms 
during the procedure or subsequent examinations. 

We encountered no significant complications 
requiring surgery, and follow-up for periods of 3-22 
(average 10.8) months showed continued patency in the 
five successful cases. 
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DISCUSSION 


Localised stenoses of the iliac arteries have been 
treated successfully by PTA (Mortajeme et al, 1980) 
with a high degree of technical success and a patency 
rate approaching that of surgery (Spence et al, 1981; 


Zeitler et al, 1983). However, complete obstruction of 


the iliac artery has been considered to be a contra- 
indication to. PTA, since the procedure is technically 
difficult and may induce distal embolisation (Ring et al, 


Fic. 2. Case 3 
(A) Before PTA: there is a 10.5 cm complete occlusion of the 
left external iliac artery (arrows). (B) Ten days after PTA 
intra-arterial DSA shows good patency of the recanalised 
vessel. (C) Six months after PTA: intravenous DSA confirms 
continuing patency 


1982). and consequently there have been few reports on 
the subject (Colapinto et al, 1981; Ring et al, 1982; 
Colapinto. 1983; Pilla et al, 1984). 

Patients with. complete iliac artery occlusions are 
often also poor risks for surgery because of severe co- 
existing diseases. Our patients had generalised athero- 
sclerosis with both coronary and carotid disease. 
Percutaneous transluminal angioplasty is distinctly 
safer than vascular surgery; we have found PTA to be 
highly successful in these patients and regard it as the 
treatment of choice in this high-risk group. 

The difficulty of catheterising an occluded vessel is 
directly related to the length of the occlusion (Colapinto 
et al, 1981) while combined occlusion of common and 
external iliac arteries may be contraindicated for 
recanalisation, as seen in Case 4 of our report. 

Recently, the successful combination of streptokinase 
infusion and PTA were reported in the treatment of 
iliac artery occlusion (Auster et al, 1984; Lammer et al. 
1985). These reports stressed that this combination was 
a safer and more effective technique in unilateral iliac 
occlusion. Our patients had not undergone intra-arterial 
thrombolytic therapy, but received intravenous infusion 
of urokinase. The advantages of our method are felt to 
be the speed and simplicity of the technique and 
avoidance of bleeding complications. High risk of 
peripheral embolisation has been reported after 
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treating iliac occlusion by PTA (Ring et al, 1982), but 
peripheral embolisation may occur with thrombolytic 
therapy alone. Recent experience has confirmed that 
thrombosis usually occurs superimposed on a chronic 
underlying stenosis and it may be a disadvantage that 
an underlying stenosis cannot be demonstrated by our 
method. Since our experience has so far been limited, 
more data will be required before the proper indications 
for management of these patients can be finally 
determined. 
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ABSTRACT 

This paper describes research into measurement and reduction 
of the radiation dose to the lens during various examinations, 
namely skull and orbit, optic canal and optic strut, superior 
and inferior orbital fissure, localisation of foreign bodies in the 
eye, calcifications, orbital fractures, macrodacryography and 
orbital venography. Using rare-earth screens and high- 
sensitivity films, without an antiscattering grid, and with an 
added filtration of 0.5 mm Cu, it is possible to reduce the 
radiological risk during all investigations involving skull, orbit 
and eyeballs, while maintaining a good image quality. 
Particularly in those examinations with direct magnification 
(macrodacryography and venography, foreign bodies in the 
eye, orbital fractures), the dose to the lens is very low: less than 
0.2 mGy/radiograph. 


Dose reduction to patients during various radiological 
examinations is important and physicists and radio- 
logists have devoted particular attention to it, both 
nationally and internationally. In particular, it is well 
known that the different structures of the eye can be 
injured by ionising radiation, producing changes in the 
metabolism and morphology of the various components 
of the eyeball. The lens of the eye is considered to be the 
most critical organ. 

The intensity of the effects varies in relation to the 
dose received by the eye and can be assumed to follow 
the pattern of inflammation and degeneration of the 
conjunctival epithelium, striated keratitis, necrosis and 
desquamation of the corneal epithelium with neo- 
vascularisation, iris hyperaemia, opacities located in the 
anterior pre-equatorial region of the lens (germinal 
area) due to coagulated proteins, and neuroretinal 
changes subsequent to vascular damage (disorganisa- 
tion of cones and rods, ganglionic chromatolysis, and 
optic nerve demyelinisation). 

We have described elsewhere (Ballesio et al, 1985) an 
investigation into reduction of the dose to the lens in 
ophthalmological radiology, based on analysis of the 
transmitted spectrum with à new detection system using 
a CdTe detector (Di Castro et al, 1984). Preliminary 
data from work on a phantom showing the dose 
reduction to the lens have already been published 
(Ballesio et al, 1985). In that paper it is shown that, with 
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the addition of a 0.5 mm Cu filter, it is possible to 
obtain a three-fold dose reduction in comparison with 
one using a filtration of 2.5 mm Al, without impairing 
the image quality. The present paper describes further 
measurements of the dose absorbed from the lens in 
man during the radiological investigation of the skull 
and orbit in order to evaluate the practical applications 
of the research to ophthalmological radiology. 


MATERIAL AND METHODS 

A 125 kV max Duratron rotating-anode X-ray tube 
with microfocus (0.3 mm and 1.0 mm) was used. The 
primary beam was filtered with 0.5 mm Cu. Rare-earth 
screens and suitable screen-film combinations were 
used. In particular, gadolinium oxisulphide screens (3M 
Trimax T16) were used with high-sensitivity films (3M 
XM and XD). 

In the dose measurements a MDH dosemeter was 
used with a 6 cm? chamber with an accuracy to X rays 
within 5%. It was used to calibrate lithium fluoride 
thermoluminescent dosemeters (TLDs). The chamber 
and dosemeters were irradiated with a 100 kV X-ray 
beam filtered with 0.5 mm Cu to different exposure 
values. The dosemeters were placed on a plexiglass 
phantom | m from the X-ray source. 

To measure the doses on patients, the lithium fluoride 
TLDs were put on the eyelids of patients subjected to 
radiographic examination of the skull, with or without 
direct. magnification. Macroradiography reduces the 
radiation to the unprotected eyes because the stationary 
grid is not needed. With this method the increase in 
dose due to the greater focus-detector distance is 
largely compensated for by the dose reduction obtained 
by removing the grid, which generally has a grid factor 
from 2 to 5 (Drexler et al, 1984). Moreover, misalign- 
ment and/or incorrect focus-to-grid distance can result 
in drastically higher grid factors and, consequently, a 
higher entrance dose to the patient. 

In ophthalmological radiology, magnification is often 
used in both orbital traumatology and looking for 
foreign bodies, in dacryography and angiography 
(Lloyd & Ardagh, 1972). In our examinations the 
focus-skin distance was 1 m and the distance between 
subject and film was 45 cm with a 1.5 magnification 
factor. The dosemeters were put on the eyelids, 
providing a skin dose instead of the depth dose. A 
correction for the depth of the eye lens was then 
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applied. To this end, the attenuation of the incident 
detected spectrum (Ballesio et al, 1985) as it traverses 
3 mm of tissue was calculated. Narrow-beam conditions 
(i.e. no scatter component) were assumed and the mass 
attenuation coefficients for soft tissue listed by the 
Hospital Physicists’ Association (Birch et al, 1979) were 
used. Correction from 8% to 12% has been calculated, 
respectively, for spectra of 100 kV down to 65 kV. 

Examinations in vivo were carried out with different 
collimation cones and a 0.5 mm Cu filter. 3M Trimax 
T8 screens and XD films were used for plain 
radiography of the skull and orbit, and 3M Trimax TI6 
screens with XD or XM films for macrodacryography 
and venography. 


RESULTS 

Table I shows the results of the dose measurements 
on the human eyeball, and Fig. | shows that a good 
image quality was maintained. Plain radiographic 
examination of the skull (four projections) implies a 
dose of 1.58 mGy to the lens, the examination of the 
orbit and eveball (two projections) implies a dose of 
0.77 mGy and antero-posterior (AP) conventional 
tomography (seven layers), a dose of 7.35 mGy. In 
macrodacryography performed without a stationary 
grid and using the magnification technique, the dose to 
the lens is 0.60-0.83 mGy for four radiographs, 
depending on the type of film used (Table I). In this 
case, to minimise the error due to the minimum dose 
detectable by the LiF dosemeters, they were exposed 
four times on a series of different patients. 


DISCUSSION AND CONCLUSION 

It is possible to reduce the dose to the lens by 
changing the technical parameters, using appropriate 
screen-film combinations, filtering the X-ray beam and 
leaving out the grid. In macrodacryography and 
venography the dose is further reduced because the 
scattered radiation decreases with the greater sub- 
ject-film distance. In examinations with magnification, 
dosimetry on phantoms shows (Table II) how it is 
possible to achieve a lens dose of 0.48 mGy/film using 





Fic. I. 


(a) Macrodacryography performed only with inherent filtra- 
tion (1.5 mm Al). (b) The same case examined with added 
filtration of 0.5 mm Cu. 


suitable screen-film combinations without added filtra- 
tion. The dose is further reduced to 0.28 mGy/film by 
adding a 4.25 mm AI+0.1 mm Cu filter and to 
0.23 mGy with a 0.2 mm Cu filter. Lastly, the dose is 
reduced to 0.17 mGy with a 0.5 mm Cu filter. 

The added filtration, which requires a proportional 
increase in mAs, has little effect on the image quality, 
just lowering the contrast tonality on the film without 
reducing the definition (see Fig. 1). The disadvantage of 
the modest contrast reduction is widely compensated 
for by the dose reduction and it has no influence on the 
informative value of the radiograph, that is to say its 
practical utility in diagnosis. If the information content 
is adequate, it is better, in our opinion, to have a “less 
fine" examination with a lower radiation dose rather 
than a "finer" one with a much higher dose to the 
patient. 

It is known that good radiographic quality depends 
on minimal fluctuation in X-ray beam intensity, a low 


TABLE I 
RADIATION DOSE TO THE LENS IN ORBITAL INVESTIGATIONS IN MAN (FILTRATION 0.5 MM Cu) 


EEUU ——MÉÁRPPPPPRMRMRM MM 


Examination Trimax 3M Grid kVp mAs Absorbed dose 
screen film 
mGy/examination mGy/radiograph 
Standard skull projection, four films T8 XD G 65-75 80 1.58+4% 0.39 +4% 
AP tomography of the orbit, seven films T8 XD G 75 100 7.354 1*5 1.05195 
Localisation of foreign bodies in the eye, 
two films T8 XD 75-80 80 0.77+5% 0.38 + 5% 
65 65 

Macrodacryography, four films T16 XM — 100 4 0.60+7% 0.154 5*5 

XD — 6 0.834+5% 0.20 + 5% 
Venography, four films T16 XM — 100 4 06047% 0.15+7% 

XD — 6 0.83+5% 0.20+ 5% 
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TABLE II 


RADIATION DOSE TO THE LENS IN ORBITAL MAGNIFICATION 
(HUMANOID PHANTOM)* 





kVp mAs Added Absorbed dose 
filtration (mGy/radiograph) 
95 3 15 mm Al (inherent) 048+:8% 
95 6 4.25 mm Al+0 1 mm Cu 0.28+10% 
100 4 0.2 mm Cu 0.23 - 1094 
100 6 0 5 mm Cu 0.17 12*4 


*No grid. Screen—film system = rare-earth intensifying screen 
(T16) used with high-speed sensitive film (Trimax XM) 


kinetic penumbra (produced by a lower exposure time) 
and a low geometric penumbra (produced by an 
increased focus-skin distance and by a very small focal 
spot). Macrodacryography and orbital angiography are 
examinations requiring a small focal spot, very short 
exposure time, serial radiographs, direct magnification 
and subtraction. In these examinations there is the 
particular need to reproduce very fine structures which 
are filled by the contrast medium and which are in 
motion. The lowest dose to the lens was 
0.15 mGy/radiograph. This value is equal to or less 
than those measured in dacryoscintigraphy by other 
workers (Robertson et al, 1979; Doucet et al, 1982; 
Polli et al, 1985). It is 20 times less than the skin dose in 
skull examinations (Rogers, 1969; Bergstróm et al, 
1977) using traditional screens and films with a grid, 
and it is half that in a plain radiographic examination 
of the orbit performed with rare-earth screens and high- 
sensitivity films (Table I). 

The low irradiation to the lens in both macrodacryo- 
graphy and dacryoscintigraphy entitles us to say that 
the choice between the two investigations need not be 
conditioned by the radiation risk (about the same and 
extremely low for both), but by the different indications 
that they present. For investigating the physiology of 
tear drainage and in the study of lacrimal functional 
disorders, dacryoscintigraphy is extremely valuable; in 
lacrimal malformations, obstructive epiphora and post- 


operative follow-up, macrodacryography has the 
greatest diagnostic certainty 

It is possible, therefore, to conclude that the 
irradiation of the orbit during different examinations 
(skull and orbit, optic canals and orbital fissures, 
foreign body localisation, orbital fractures, micro- 
calcifications, angiography and particularly macro- 
dacryography) does not represent a radiological hazard, 
providing that the examinations are carried out using 
the correct technique. 
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Book review 


Atoms, Radiation, and Radiation Protection By James E 
Turner, pp xu-4-324, 1986 (Pergamon Press, New York), 
$60 00 hard cover, $32 50 soft cover. 

ISBN 0-08—031937—8 (hard cover) 

0—08—031949 (soft cover) 

As its title suggests, this book is principally about atomic and 
nuclear structure, ionising radiations and radiation protection 
The text has been written from material used by the author 
over many years m teaching courses dealing with health 
physics, microdommetry and the application of Monte Carlo 
techniques to radiation protection. The interaction of charged 
particles and photons with matter, as well as methods of 
detecting these radiations, are described thoroughly. The 
chemical and biological effects of radiation are summarised 
clearly, as are the fundamentals of radiation protection and 
interna] dosimetry. The book will be of interest to students and 
profesmonals in radiation physics, nuclear engineering and 
environmental health services. Although the author does not 
deal specifically with radiotherapy and nuclear medicine, the 
subject matter covered provides useful basic information for 
anyone interested in these subjects. 

The book is well written. it has a clear format and is 
illustrated with appropriate, simple line drawings and photo- 
graphs. Although SI units arc employed in much of the book, 
traditional units of radiation dosimetry are also used, Within 
the text there is a comprehensive selection of questions with 
detailed solutions to illustrate the principles of the main 
subjects. At the end of each chapter there are 30 to 50 
additional questions which students will find helpful to work 
through. However, it would have been apposite to have 
included answers to those questions which have a numerical 
solution 

I found the best chapters to be those dealing with the 
chemical and biological effects of radiation, radiation 
protection critena and standards, and the section dealing with 
Internal dosmetry and radiation protection. The former 
chapter mcludes helpful examples of Monte-Carlo calculated 
charged-partcle track segments in water, which are presented 
pictorially: these are used with effect to illustrate the sequential 
development and diffusion of reactive species in relation to the 
action of radiation on DNA. 

For departments involved in teaching radiation physics to 
undergraduates, this :$ a good book to purchase for the 
depertmental library. I suspect that the cheaper soft-cover 
binding (provided by the publishers for review!) will be found 
to be the better buy for most purchasers. 

COLIN H. JONES 
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ABSTRACT 

Antr-alpha-fetoprotemn (AFP) radioummunodetection was per- 
formed ın response to clinical requests in 16 patients In two 
patients, assessment of a known tumour was required, the anti- 
AFP scans were accurate and provided useful clinical 
information in both cases In the remaining 14 patients the 
request was for localisation of suspected recurrent tumour. 
Accurate information was provided m four of these patients. 
In this latter group, various conventional methods of 
mvestigation had failed to disclose the ste of recurrence. 
However, of a total of 21 sites reported as positive in these 14 
patents, eight proved to be false pomtrves Two false negative 
results also occurred m this group and nine could not be 
evaluated. Although occasionally patents were usefully 
scanned, improvements are necessary before consistently 
reliable information can be obtained using this technique 


The technique of radioimmunodetection has been 
applied, with some success, to the localisation of 
tumours producing alpha-fetoprotein (AFP) (Kim et al, 
1980; Halsall et al, 1981; Javadpour et al, 1981). There 
are occasional reports of tumour detection by radio- 
immunodetection preceding confirmation by other 
methods (Kim et al, 1980; Halsall et al, 1981) but the 
majority of positive scans merely permit the visualisa- 
tion of known tumour areas. The potential clinical 
application of this technique was suggested by these 
preliminary studies and in the past 5 years we have 
received 16 requests for anti-AFP scans. Each request 
was prompted by the requirement for further informa- 
tion for the purpose of resolving a clinical problem. 
This paper details our results in these patients. 


METHODS 

Patients 

Sixteen patients were scanned: all had had previous 
tumours with an established histological diagnosis. The 
diagnoses were malignant teratoma of testis in 11, yolk 
sac tumours in two, sacrococcygeal teratoma in one, 
hepatoblastoma in one and pancreaticoblastoma in one. 
The requests for anti-AFP scans fell into two groups: 


(A) assessment of a known mass (two patients); 
(B) localisation of a presumed recurrence (14 patients). 


In the latter group the primary tumours had been 


surgically removed. A subsequent search for recurrent 
tumour had been prompted by a rising serum AFP in 
the majority of patients. Investigation of these patients 
by various conventional techniques, which had been 
available to the referring physician, had failed to 
identify a site of recurrence. These included computed 
tomography (CT), ultrasound and  conventonal 


radiography. 


Antibody preparation 

Hyperimmune sheep antiserum was raised against 
human AFP punfied from amniotic fluid. The 
antiserum was solid-phase adsorbed to remove anti- 
bodies reacting with normal human serum and tissue 
components. Specificity for AFP was confirmed by 
immunoelectrophoresis and immunohistochemistry. An 
immunoglobulin-G fraction was prepared by 
ammonium sulphate precipitation and subsequent ion 
exchange chromatography (DEAE cellulose). Batches of 
antibody were passed through a 0.2 um filter and were 
tested for pyrogenicity by an independent laboratory. 
The antibody was radiolabelled with iodine 13] 
(Amersham International, code [BS 30) as described 
previously (Fairweather et al, 1983a) using a modifica- 
tion of the chloramine-T method of Hunter and 
Greenwood (1962) to a specific activity of 
0.18—0.37 MBq (5-10 Ci) per ug. Radiolabelled anti- 
body was separated from free iodine by gel filtration 
(Sephadex G25). The antibody was then centrifuged 
overnight at 20000 g and repeat 0.2 um filtration was 
performed. Each patent was given approximately 
3 pg/kg (usual adult dose 37-74 MBq, 1-2 mC) 


Antibody administration 

Informed consent was obtained either from the 
patient or, in the case of children, from both parents. 
Thyroid and gastric uptake of !"!] was blocked by 
treatment with oral potassium iodide, 60 mg tds for 1 
week, and oral potassium perchlorate 600-800 mg 1 h 
before antibody injection and 1 h before each scan. A 
20 ug test dose of antibody was administered intra- 
venously 15 min before proceeding to injection of the 
complete dose. No adverse reactions were encountered. 
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Scannmg procedure 

Scans were recorded 24 h and 48 h after !?!] anti- 
AFP injection; 37 MBq (l mCi) technetium-99m- 
labelled human serum albumin and 37 MBq sodium 
pertechnetate-?°Tc™ were injected intravenously 5 min 
and 30 min, respectively, before each scan for the 
purpose of image subtraction (Deland et al, 1980). 
Simultaneous 174] and *?Tc? images of the chest and 
anterior, posterior and lateral abdomen were obtained 
either with a Searle LFOV gamma camera or with a 
CGR Gammatome with a medium-energy, parallel-hole 
collimator and linked to a DEC PDP 11 computer. 
Counts were acquired for five minutes from each view. 
Technetium subtraction images were generated after 
applying a nine-point smooth once to each 1mage and 
then normahsing over the heart. A second subtracted 
image was then produced which was thresholded to 
display only significant counts. Significant counts were 
defined as more than two standard deviations above the 
background noise level as calculated for a reference 
area over the lung (Fairweather et al, 1983b). Each scan 
was reported by two of us (DS.F and A.R.B. or 
C.E.C. and A.R.B.); opinions were in close agreement. 


RESULTS 

A summary of results 1s presented in Table I. The 
anti-AFP scans were accurate and provided useful 
clinical information in both patients in whom assess- 
ment of a known mass was required (Group A). The 
site of tumour recurrence was accurately localised in 
four of the 14 patents who had been referred with 
presumed recurrence (Group B). Computed tomo- 
graphy had failed to identify tumour ın three of these 
four patients and had not been performed in the fourth. 
Twenty-one areas were reported as positive or possible 
positive in Group B, eight proved subsequently to be 
false positives and nine could not be evaluated due to 
lack of follow-up information. 

An example of an anti-AFP scan is shown in Fig. 1. 
The patient scanned was a child (Case 11) with 
presumed recurrent hepatoblastoma. Abdominal CT 
had failed to identify the site of recurrent tumour on 
two occasions. Marked hepatic uptake of 131 anti-AFP 
is apparent in both subtraction images (Ic and Ip) 
Small areas of increased uptake are also seen in the left 
hypochondrium and adjacent to the bladder. The latter 
two areas were reported as possible positive (+/—). 


TABLE I 
SUMMARY OF RESULTS OF ANTI-ALPHA-FETOPROTEIN SCANS IN 16 PATIENTS 


Case Age  Daagnoss* Group Serum AFP scant Confirmation Scan accuracy 
(years) AFP 
(IU/mI) 
l 24 MTT A 10 — (chest) — (histology) True —ve 
2 39 MTT A 120 + (chest) + (follow-up) True 4-ve 
+ (abdomen) + (follow-up) True 4 ve 
3. 45 MIT B 42  -j— (chest) None Unknown 
4 27 MTT B 50 + (abdomen) ? (responded to Unknown 
chemotherapy) 
5 MTT B 57 + (bone) + (radiography) True +ve 
6 6 Ovarian yolk B 60 + (abdomen) — (laparotomy, also False +ve 
sac tumour undetected tumour noted) False —ve 
7 24 MTT B 62 + (chest) — (thoracotomy, also False +ve 
undetected tumour noted) False — ve 
8 34 MTT B 100 +/— (abdomen) — (laparotomy) False +ve 
9 44 MTT B 120 + (bone) + (bone scan) True +ve 
10 2 Yolk sac tumour B 190 +/— (chest) None Unknown 
I} 4 Sacrococcy goal B 96 + (iliac nodes) — (follow-up) False +ve 
teratoma + (para aortic) — (follow-up) False +ve 
12 20 MTT B «10 + (opigastrmum) None (pt died 4 months Unknown 
+/— (hac nodes) after scan no Unknown 
+/— (mediastinum) post-mortem) Unknown 
13 30 MTT B 400 + (left testis) — (histology) False +ve 
+ (para aortic) + (CT) Unknown 
+/— (mediastinum) None Unknown 
14 23 MIT B 241 + (para aortxc) + (laparotomy) True --ve 
15 2 Pancreaticoblastoma B 365 + (mediastinum) None Unknown 
16 2 Hepatoblastoma B >1000 + (hver) + (laparotomy) True +ve 
+{— (L hype- — False + ve 
chondnum) 

+/— (pelvis) — False +veo 


*MTT = malignant teratoma of testis 
t+/— = possible positive. 
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Fic. |. Case 11. 


AP views of the abdomen. (A) ""Tc" scan, (B) '*'I anti-AFP scan, (C) subtraction image (after normalisation over the heart), 
(D) subtraction image thresholded to display significant counts only: | = liver, b = bladder. 


1177 


VoL. 59, No. 708 


C. E. Chapman et al 


This scan was repeated after 2 months and gave 
consistent results. À subsequent laparotomy revealed 
recurrent hepatoblastoma in the liver, confirming this as 
& true positive scan area. Recurrent tumour was not 
found at either of the two smaller sites which were, 
therefore, false positive artefacts. 


DISCUSSION 

The diagnostic value of tbe scans was poor in the 
majority of patients, although there were some which 
were considered useful. For instance, in the two patients 
who were scanned with known masses the scans 
provided useful results. In the other patients only four 
scans provided accurate tumour localisation and there 
were many false positives and negatives. It should be 
emphasised, bowever, that in this group previous 
attempts at tumour localisation using more conven- 
tional investigations had all been unsuccessful. 

Clearly, in any diagnostic test, false positive results 
cause the most difficulty. They occurred in our scans 
for several reasons and the subtraction technique 
appears to be of particular relevance. This technique is 
used to provide image enhancement and is necessary in 
radiormmunodetection because only a small percentage 
of the injected dose of labelled antibody binds to the 
tumour The subtraction isotope mimics the distri- 
bution of the tumour-seeking antibody but has a 
different photon emission energy. Although this 
technique improves contrast it leads to difficulties. The 
localising nuclide (!1?!T) has more energetic y rays than 
the subtracting nuclide (??Tc") and the greater 
penetration results in artefacts. The in-vivo biological 
characteristics of the two isotopes are dissimilar, 
causing differential organ accumulation. Thus leads to 
false hot and cold areas. For example, the bladder 
always contains an excess of free iodine or technetium, 
which leads to hot or cold areas Inequalities may also 
occur around the heart or stomach, although the latter 
can usually be blocked with a combination of 
potassium iodide and potassium perchlorate. The 
process of subtraction, while improving contrast, also 
introduces statistical fluctuations without increasing the 
signal, re. the signal-to-noise ratio is reduced. Many of 
these problems occurred in our scans. 

Apart from subtraction-generated artefact, non- 
specific accumulation of radio-labelled antibody due to 
cross-reactivity with normal üssue components may 
cause false positive results. This was minimised by 
extensive antibody adsorption and immunohisto- 
chemical assessment 

Clearly, to find more application, these scans need to 
be improved. The single, most important determinant 
of a successful radioimmunodetection scan is the ratio 
between the amount of radio-labelled antibody in the 
tumour compared with that in the surrounding normal 
tissue. We were unable to measure tissue ratios 1n this 
study but those achieved in radioimmunodetection are 
generally less than five and usually nearer two and 
various manipulations to date have failed to improve on 


this ratio (Bradwell et al, 1985). Theoretical considera- 
tions applicable to radioimmunodetection have been 
discussed (Bradwell etal, 1985) and predict that, 
excluding uptake ratio, the most important factor which 
can be improved is the absolute count rate of the 
tumour-locating isotope. Our scan count densities, 
using "I are often less than 100/cm?. The 
theoretically predicted improvement in scan quality to 
be gained from trebling the count density, for example, 
would be the equivalent of doubling the uptake ratio. 
Increases in count density may be achieved by 
prolonging count acquisition times, within practical 
limits, and by increasing the dose of !"'I anti-AFP 
within safety guidelines. This may provide a useful 
approach to future scan improvement. 

Antibody scans have potential application in diverse 
fields. In contrast to other scanning methods, the 
technique offers functional information (antigen pro- 
duction) rather than merely structural detail. Attention 
to the existing problems may allow this potential to be 
achieved 
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ABSTRACT 

A new approach to ventilation imaging of the lung using ! Xe 
in patients with suspected pulmonary embolism is described. 
Three inhalation images are obtained in the postero-anterior, 
right posterior oblique and left posterior oblique projections, 
respectively, and each image contains 140-180 kcounts. The 
technique is quick and simple and needs neither an oxygen 
supply nor a spirometer. It combines the multiple views 
characteristic of krypton imaging with the ease of availability 
of xenon. 


The role of pulmonary scintigraphy as a sensitive and 
non-invasive method for the diagnosis of pulmonary 
embolism (PE) is well documented (McNeil, 1976: 
Alderson & Line, 1980; Neumann et al, 1980; Blinder & 
Coleman, 1985). The investigation normally consists of 
two parts: perfusion imaging using either human 
albumin microspheres or macroaggregates labelled with 
""Tc": and ventilation imaging using either '??Xe, 
!?"Xe, "' Kr" or radioaerosols. 

Xenon 133 is perhaps the most commonly used 
radionuclide for ventilation studies and, when com- 
bined with the perfusion images (V/Q imaging). 
significantly increases the diagnostic accuracy for 
detecting pulmonary embolism (Alderson et al, 1976). 
The "standard" technique for performing the '??Xe 
ventilation scan is as follows (Alderson & Line, 1980). 
The patient sits with his back to the gamma camera. 
About 300-700 MBg '??Xe is injected into tubing near 
the patient's mouthpiece or mask after the patient 
completes a routine tidal exhalation. An inhalation is 
taken to vital capacity and the patient holds his breath 
until a 25-75-kcount image has been obtained. The gas 
Is then re-breathed for 3-5 min from a closed reservoir 
containing a CO; absorber. After this period, an 
equilibrium image is obtained. The washout phase is 
now initiated and images are taken every minute until 
the gas clears from the lungs. The apparatus needed to 
carry out this investigation includes a spirometer, 
oxygen supply, and an exhaust collection system or 
charcoal trap (Neumann et al, 1980). 

Since the interpretation of V/Q studies in the 
diagnosis of pulmonary embolism relies on a mismatch 
between perfusion abnormalities and ventilation abnor- 
malities, we describe here a new approach to '??Xe 
ventilation imaging in an attempt to optimise the 





* Author for correspondence. 


probability of detecting a non-matched perfusion 
defect. 
Our technique is based upon two premises: 


(a) multiple inhalation views increase the probability of 
detecting a non-matched perfusion defect compared 
with the conventional single posterior projection; 

(b) obtaining images with considerably more than the 
typical number of 25-75 kcounts in the posterior 
inhalation view increases the confidence with which 
ventilation defects can be detected. 


In addition, the technique described below needs 
neither an oxygen supply nor spirometer. Also, if ready 
access to the outside air is available, the need for either 
an exhaust collection system or a charcoal trap is 
obviated since the exhalation tubing can be connected 
directly to an exit port in an outside wall. This 
minimises dead space, and eliminates apparatus (e.g. 
CO, absorber, charcoal trap) which can become 
contaminated. 


IMAGING PROCEDURE 
The patient is seated with his back to the gamma 
camera (Fig. 1), breathes in room air and breathes out 





A subject undergoing ventilation imaging using the new 

technique. Note the absence of oxygen supply, spirometer and 

exhaust collection system. The exhalation tube is connected 
directly to an outside wall (arrowed). 
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FiG. 2. 
A V/Q scan in a 60-year-old woman with chronic lung disease and suspected pulmonary embolism The scan does not support embolic 
disease. 


through a tube connected directly to the outside. He 
completes a tidal exhalation. During the inhalation to 
vital capacity, 200 MBq of '**Xe is injected into the 
mouthpiece. The patient holds his breath for 15-20 s, 
and during this period an image containing 
140—180 kcounts is obtained. The patient then exhales 
and quickly washes out the xenon to the outside air. 
The patient is encouraged to breathe deeply and rapidly 
to wash out as quickly as possible. The patient is then 
repositioned in the right posterior oblique (RPO) 
projection and the procedure repeated. Finally, the 
procedure is repeated again in the left posterior oblique 
(LPO) projection. The total investigation time is about 
8 min and requires a total activity of 600 MBq. 

Figure 2 shows a V/Q scan in a subject with chronic 
obstructive airways disease (COAD) who was referred 


for a lung scan to determine the possible presence of 


associated pulmonary embolism. Although there is good 
correspondence between the V/Q defects on the 
posterior projection of both the perfusion scan and the 
ventilation scan (conventionally the only projection 
with ventilation imaging using xenon), there are 
additional (arrowed) perfusion defects seen on both 
posterior oblique views which we cannot be sure, from 
the posterior ventilation view alone, are also matched 
by corresponding ventilation defects. This leaves some 
doubt as to whether PE is, in fact, present. However, 
inspection of the two posterior oblique ventilation views 
shows clearly that these perfusion defects have 


corresponding ventilation defects which makes the 
diagnosis of PE much less likely on the appearance of 
the scan alone. 

The V/Q scan of a patient with a similar problem, 
that is, the possibility of PE in the presence of COAD, 
is illustrated in Fig. 3. Inspection of the perfusion 
posterior oblique views indicates defects which are 
clearly not matched on the corresponding ventilation 
views, supporting the presence of embolic disease. 
Although it could be argued that this conclusion could 
have been reached from the posterior ventilation view 
alone, there is little doubt that the two oblique 
ventilation views strongly reinforce the diagnosis of PE. 


VALIDATION OF THE TECHNIQUE 

Fifty-two perfusion lung scans containing at least one 
defect were presented to two experienced observers who 
were each asked to record the number of independent 
perfusion defects seen in the four projections: antero- 
posterior (AP). postero-anterior (PA), RPO and LPO. 
After viewing each perfusion scan, each observer was 
shown the inhalation image in the PA projection only 
and asked to record the number of ventilation defects 
that corresponded to perfusion defects. Finally, each 
observer viewed all three inhalation views (PA, RPO 
and LPO) and again recorded the number of 
independent, matched ventilation defects. The results 
are summarised in Table I, where it may be seen that 
viewing all three inhalation projections significantly 
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Fic. 3. 


A VQ scan in a 73-year-old man with chronic lung disease and suspected pulmonary embolism. The scan is indicative of embolic 
disease 


increased (p < 0.05) the ability to match V/Q defects. 
Furthermore, there was no significant difference 
between the two observers in their estimate of matched 
and non-matched perfusion defects. 


DOSIMETR Y 
Despite the relatively large amounts of activity used 
in our procedure, the estimated radiation dose to the 
patient is similar to that delivered by existing methods. 
Calculations of radiation dose from inhaled '**Xe are 
performed in two stages (Goddard & Ackerv, 1975; 


TABLE | 


[HE NUMBER OF SCANS IN WHICH OBSERVERS REGARDED ALL 

PERFUSION DEFECTS AS MATCHED BY CORRESPONDING VENTILA- 

TION DEFECTS (V = Q). AND THOSE IN WHICH AT LEAST ONE 
UNMATCHED PERFUSION DEFECT WAS SEEN (V < Q) 





Projection on Number of scans 
ventilation scan as 


V2 v<@Q 
Observer A 
PA only 19 32 
PA. LPO. RPO 3l 2l 
Observer B 
PA only I4 38 
PA, LPO, RPO 26 26 





y! test: p < 0.05 


Atkins et al, 1980). Firstly, the time variation of activity 
in the lungs and other source organs is modelled using 
empirical observations and assumptions. Secondly, the 
absorbed dose to the target organs is calculated, either 
using the standard MIRD scheme (Snyder et al, 1975), 
or using more detailed models for local energy 
deposition (Goddard & Ackery, 1975; Lassen, 1984). 
Our procedure can be adequately compared with 
existing techniques by performing only the first stage of 
these calculations. If the activity in the lungs is 4(7) Bq, 
then the area under the time-activity curve is: 


Pa 


A= A(t) dt (1) 
JO 

Using SI units, 4 is a dimensionless number, and will be 
proportional to the actual radiation dose received by 
the lungs for almost all dosimetric models. Values of 4 
may, therefore, be used to compare relative doses 
received using different techniques for administration of 
'33Xe. Three techniques will be compared. 


(a) Washin/washout 

The patient re-breathes a mixture of '**Xe and 
oxygen from a closed spirometer for several minutes. 
After the equilibrium image has been obtained the 
activity is washed out from the lungs using room air 
(Goddard & Ackery, 1975; Alderson et al, 1976). Let 
the mean lung volume be V ml and the re-breathing 
time be r,s. Then if the spirometer concentration C Bq 
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ml ! remains approximately constant, and the 
washin/washout of each area of lung is mono- 
exponential, ıt can be shown (Goddard & Ackery, 1975) 
that: 


A= VCL (2) 


(b) Inhalation, equilibrium and washout 

The patient inhales a bolus of !??Xe gas and holds 
his breath for a short period. The patient then exhales 
into a spirometer containing oxygen and re-breathes for 
several minutes. 

After the equilibrium image has been obtained the 
activity is washed out using room air (Alderson et al, 
1980; Neumann et al, 1980; Carter et al, 1982). Let the 
initial lung activity be A Bq, with breath-holding time 
i, S. Subsequently, the lung activity falls mono- 
exponentially with rate constant k s^! to a fraction f of 
its original value as the patient equilibrates with the 
spirometer (Atkins et al, 1980). Finally, the washout 
may also be described monoexponentially with rate 
constant n s^!, commencing t, s after the study began. 
The value of 4 is then: 


A—fA) fA 
A= At + fAty— 1) 5:1 JA (3) 

where it 18 assumed that k is sufficiently large for 

equilibrium to be reached before washout commences. 


(c) Inhalation only 

Three separate inhalation studies are performed, with 
breath-holding ¢, s and total administered activity A Bq 
(le AÑ Bq per inhalation). We have found that 
washout of inhaled activity when no re-breathing has 
occurred cannot be described by a single exponential 
At least half of the inhaled activity is cleared more 
rapidly, with half-clearance tune (mean +1 sd) of 
12.3+4.5 s. Assume that the activity is cleared by two 


equal components with rate constants r and n s~'. The 
value of A is then: 
A =m At, + A2 (lr - 1n) (4) 
TABLE II 


VALUES POR PARAMETERS USED TO ESTIMATE RELATIVE DOSES 


Parameter Value Reference 
V 2500 ml Atkins et al, 1980 
C A/5000 
Bq ml^! Initial activity in a 5 | spirometer 
ty 240 s Range 180-300 s; Neumann 
et al, 1980, Goddard et al, 1975 
f, 20 s 
f 0.3 Depends on spirometer volume 
k 0.03 s7! Personal observations, Atkins 
et al, 1980 
n 0.0237! Goddard & Ackery, 1975 
r 00637! Personal observations 


Values for the parameters used in Equations 2, 3 and 
4 are shown in Table II, with references where 
appropriate. Time-activity curves for the three tech- 
niques are shown in Fig. 4, accurately drawn using the 
quoted parameter values and scaled to give equal areas 
under each curve. These curves, therefore, indicate the 
relative amounts of activity in the lungs achieved using 
the three techniques for the same radiation dose. 

Calculated values of A for the three techniques are: 


Method (a) A = 1204 
Method (b) A = 1244 (5) 
Method (c) A = 53A 


As expected, the inhalation-only technique proposed in 
this paper gives significantly less radiation dose per unit 
activity. Figures for actual activities administered are 
not readily available. American groups using Method 
(b) report activities in the range 370-740 MBq 
(Alderson et al, 1980; Alderson & Line, 1980; Neumann 
et al, 1980; Carter et al, 1982), giving values of 4 in the 
range 4 6 x 1019? to 9.2 x 1019, 

In a recent UK survey, 65 hospitals reported using a 
mean activity of 240 MBq, although no details of the 
methods of administration were given (R. A. Shields, 
personal communication). Assuming that most centres 


Activity In the lungs (MBq) 





Time (e) 


Fia. 4. 


Time-activity curves for (a) washin/washout, (b) inhalation, 

equiibnum and washout, and (c) inhalation-only techniques 

The curves have been normalised to the same area 

(A = 3.2x 10'°) and, therefore, show the relative lung activity 
for the same radiation dose. 
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were using Method (b), then a typical value for A in the 
UK would be 3 x 10!?. For our proposed technique the 
same area under the tme-activity curve 1s achieved 
using a total of 600 MBq (4 = 3.2 x 1019). 


DISCUSSION 

The technique described here provides good-quality 
images of regional ventilation in three different 
projections. In this respect it offers the advantages of 

'Kr™ imaging but does not suffer from the drawback 
of limited availability; '**Xe is always available for a 
24 h, 7-day emergency service, and the whole procedure 
takes less than 10 min. Also, the first-breath xenon 
image is purely ventilation-dependent, unlike those 
images obtained with °'Kr™, which are influenced to a 
varying extent by both ventilation and lung volume, 
particularly in patients with PE, who are often 
tachypnoeic (Nimmo et al, 1986). Whether or not 
multple ventilation projections increase diagnostic 
accuracy remains uncertain. Our objective assessment 
suggests that it does and this contention is supported 
strongly by Lavender and Finn (1986), although others 
remain unconvinced (Nimmo et al, 1986). 

The three-view inhalation study advocated above 
does not permit a study of lung volume and ær- 
trapping which can be obtained from the conventional 
equilibrium and washout phases, principally because of 
dosimetric considerations. However, these phases are 
mainly of value in the assessment of chronic lung 
disease, which 1s usually already well known to the 
referring clinician. Our method concentrates on the 
only common indication for lung scintigraphy, that is, 
the acute detection of pulmonary embolism (Nimmo 
et al, 1986), and in that respect it ıs the inhalation views 
which are of most value Alderson etal (1980) 
compared the !??Xe single-projection inhalation view 
with washout ventilation imaging as an aid in the 
diagnosis of pulmonary emboli, and concluded that, to 
maximise the specificity of ‘**Xe imaging, a long 
washout phase should be used. It should be pointed 
out, however, that in their study only a single- 
projection inhalation view was obtained and the count 
density was about 30% of that in each of our three 
inhalation projections. The same conclusions need not 
necessarily apply when three inhalation views are 
available. 

The use of °*Tc®-DTPA aerosol ventilation scinti- 
graphy as an alternative to radioactive gases in the 
diagnosis of pulmonary embolism has been advocated 
by Buxton-Thomas and Wraight (1984) The main 
drawback of !??Xe imaging was said to be that only 
one view of the lungs could be obtained; a statement 
with which we disagree. However, radioaerosol imaging 
is not without its limitations: high activities 
(> 1000 MBq) of °°Tc™ are needed to prime the 
nebuliser, it ıs necessary to wait about I h to allow 
blood clearance of the inhaled °*Tc™ aerosol before the 
99Tc? perfusion scan is begun (Buxton-Thomas & 


Wraight, 1984); radioaerosol examinations are more 
likely to be technically unsatisfactory than those using 
radioactive gases (Alderson etal, 1984); and the 
additional technical complexities of aerosol imaging 
make it less acceptable than radioactive gases for an 
out-of-hours service (Nimmo et al, 1986). 
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Book reviews 


Radiopharmacy and Radopharmaceulicals. Ed. by A. E 
Theobald, pp. xu +203 +mdex, 1985 (Taylor and Francis Ltd, 
London), £22.00. 

ISBN 0—85066-318—0 

This book 1 the compilation of the texts given at a short 
course at Chelsea College in 1983 The speakers have 
somewhat extended and updated their papers and, as such, 
the book falls into two main sections compreng recent 
developments m radiopharmaceuticals and contemporary 
radiopharmacy practice Six topics from each section are 
included, and, as well as discussing state-of-the-art work, each 
topic 11 introduced with a comprehensive and well referenced 
history. 

Radiopharmaceuticals discussed are those suitable for lung 
ventilation, immunoscintigraphy, cell labelling, gastric studies, 
new generator systems and iodine '?I products These 
pharmaceuticals, being non-technetrum based, present greater 
problems for their production and the neatly overlapping 
second section discusses the design, control and monitoring of 
the radiopharmacy necessary to produce them. Radiation 
protection is well covered, although all these topics were 
written before The lonwimg Radiations Regulations. 1985 and 
associated Approved Code of Practice. However, this does not 
detract from the advice given in the text. 

Finally, chapters on radiopharmaceuticals for therapy and 
the altered uptake of radiopharmaceuticals as a result of 
drug/non-drug interaction round off a book which us likely to 
be of interest to all members of radionuchde diagnostic 
departments, especially those considering drvermfying into 
routine non-technetium besed scinugraphy. It provides weil 
presented, detailed information on production techniques for 
these radiopharmaccuticals and the facihtes required, bearing 
in mind the current philosophy of the Medicines Inspectorate 

The book 1s good value and will be a useful addition to all 
departmental libranes 

P J MALTBY 


S. B., 1975. "S", Absorbed Dose per Unit Cumulated Activity 
for Selected Radionuclides and Organs. MIRD Pamphlet No. 
11 (Soaety of Nuclear Medicine, New York) 


Sensitivity and Specyicity of Common Scintigraphic Procedures. 
a review of clmical efficacy. By Michael L. Gons, pp 
x+119+index, 1985 (Blackwell Scientific Publications, 
Oxford), £28 50 

ISBN 0-8151-38091 

When this book first arrived on my desk for review I was 
enthusiastic about the title, in particular the subtitle, A review 
of clnical efficacy, because I believe this ıs an important area 
of diagnostic medicine that has been relatively ignored: 
unfortunately, it 1s not about efficacy 

As I read I found myself progressively disappointed, because 
it is a patchy book which is often difficult to read, containing 
tables that are difficult to follow, and is far from being 
comprehensive, only a few radionuclide procedures are 
included. The feeling one has from reading it is that the author 
became rather bored with the whole project half way through 
and decided to publish as it was, rather than complete it, 
presumably this was in about 1983, as there are no references 
later than this. This 1s regrettable as there are many important 
contributions to sensitivity, specificity and efficacy that have 
appeared subsequently and, presumably, could have been 
included at a later stage. 

All in all, this is not à book that I can recommend; certainly 
it is not suitable for the climcian, whom the author in his 
introduction indicates as his potential primary audience No 
cliniaan would want a book devoted to only a few tests in one 
maging modality when the major problem 1s deciding between 
several. It may, however, prove to be a useful reference to be 
aware of, when one wishes to look up a sensitivity or specificity 
for a particular investigation; but because of the lack of 
complete coverage, Murphy's law will almost certainly apply 
and the one you want will not be included. Finally, I was 
intngued to know who Dr Josiane Bretille, M.D., is. she has 
apparently co-authored half of the chapters in this book but 
gets no mention 1n the credits, I think we should be told 


M N. Maney 
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ABSTRACT 

The prognostic significance of bone scintigraphy was investi- 
gated by folowing 587 consecutrve patients with lung cancer, 
in whom this investigation had been performed, for up to 9 
years, or until death Survival was unrelated to age, sex or cell 
type However, pain and abnormal bone scintigraphy were 
both independently associated with a significantly reduced 
survival compared with those who were free of pain or who had 
normal bone scintigraphy These factors were cumulative The 
association remained equally valid for all cell types Claims 
that a single metastasis is not prognostically significant are 
unfounded It is suggested that the results of some 
chemotherapy tnals must be reconsidered in the light of 
present findings, because of the lack of adequate control 
groups; the results could be construed to show a beneficial 
effect only in patents with bone metastases and a poor 
prognosis, but little or no effect in patients with normal bone 
scintigraphy As judged by clinical and radiological follow-up 
and post-mortem examination, skeletal scintigraphy in patients 
with lung cancer had a sensitivity of 0 89, a non-specifiaty 
(false positives/true negatives) of 0.00 and an accuracy of 0 78 
With existing r&ediopharmaceutkals there 1s an irreducible 
residue of false negatives due to deposits which provoke little 
or no osteoblastic response. Bone scintigraphy 1s, thus, 
indicated in any patent with lung cancer with unexplained 
symptoms and whenever staging is required, because of the 
prognostic implications It should precede other staging 
investigations because the high detection rate may render other 
tests unnecessary 


Lung cancer remains a major cause of morbidity. 
Between 1971 and 1980 the crude prevalence in 
Scotland increased from 23 to 43 per 100000 per 
annum (Scottish Cancer Registry, 1984). The prognosis 
1$ poor, survival being shorter for patients with small- 
cell tumours than for other histological types (Festenstein 
& Weatherstone, 1985). Even with intensive chemo- 
therapy, only 13% of those with limited and 2% of 
those with widespread small-cell tumours survived for 2 
years (Morstyn et al, 1984). 

Detailed staging is not indicated when the disease is 
so advanced at presentation that pallhative treatment 
alone is appropriate, but should be reserved for patients 
being considered for radical therapy (McNeil et al, 
1977). There are several recognised systems (Roswit et 
al, 1968; American Joint Committee for Cancer Staging 
and End Result Reporting, 1973, Little et al, 1983), but 
none is as widely employed as are the equivalent 
schemas for other common tumours, because of 
reservations about both their accuracy (Matthews et al, 
[973) and their usefulness (Ihde et al, 1981). However, 
it has been suggested that stage is prognostically more 


important than the histological classification (Little et 
al, 1983; Spiro, 1985). 

Bone is one of the commonest sites for early 
extrathoracic spread (Komaki et al, 1977; Kelly et al, 
1979; Ihde etal, 1981) but, despite the obvious 
attraction of skeletal scintigraphy as a staging investiga- 
tion, there have been no comprehensive studies of its 
prognostic significance in relation to symptoms, cell 
type or biochemical markers, there are deficiencies in 
the few published correlations between scintigraphy and 
post-mortem findings. Advances in chemotherapy have 
been associated with improvements in both the duration 
and the quality of survival. With the high cost, 
widening choice, increasing effectiveness and greater 
specificity of available therapeutic regimes, there is a 
need for better information about the reliability of 
available methods of determining the extent of disease. 

We report bere an analysis of 587 consecutive 
patients with proven carcinoma of the lung, referred for 
bone scintigraphy between 1975 and 1982 and followed 
for up to 9 years, or unti] death. Post-mortem 
examinations were carried out in almost 10%. The 
termination of this series coincided with the initiation of 
systematic trials of chemotherapy. The results, there- 
fore, reflect the natural history of the various 
histological forms of lung cancer unmodified by 
effective systemic therapy. 


PATIENTS AND METHODS 

Between January 1975 and December 1982, 5300 
consecutive patients referred for skeletal scintigraphy 
were entered into a prospective study In 1983 the 
departmental records were reviewed and notes obtained 
from the referring hospital or unit. Initially, 627 were 
identified from either the departmental records or the 
clinical notes as having a possible or probable diagnosis 
of carcinoma of the bronchus. Forty were subsequently 
excluded either because their notes could not be traced 
or because lung cancer had not been confirmed, leaving 
587 in whom the diagnosis had been confirmed 
histologically or the radiographic and clinical findings 
were such as to leave no reasonable doubt. 

Indications for referral could be grouped into three 
major categories: 
(1) investigation with a view to subsequent radical 

surgery or radiotherapy, 

(2) a proven tumour and symptoms suggestive of 
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metastases, often with normal or equivocal radio- 
graphs, and 

(3) patients without any known primary, most 
commonly being investigated for back pain, but 
subsequently proven to have a bronchogenic cancer. 


These distinctions were not exclusive. There was 
some overlap and it was not possible to categorise the 
reason for referral unambiguously in many cases. It was 
accepted practice in all the referring units that patients 
were fully investigated before radical treatment. Scinti- 
graphy was usually one of the first investigations to be 
performed, but was omitted if disease was obviously 
advanced, when the findings could not influence 
management. Because of local factors, few if any 
patients with lung cancer were referred during the 
period of the study to the only other hospital in the area 
with radionuclide imaging facilities. The series thus 
includes virtually all patients with lung cancer requiring 
scintigraphy for staging or other reasons. The number 
of patients investigated was approximately one quarter 
of the number of cases of lung cancer reported to the 
local cancer registry during this period. 

Dates of birth, diagnosis, imaging, death or last 
attendance, sex, histology, scintigraphic and radio- 
graphic findings, subsequent course, symptomatology, 
alkaline phosphatase levels and any other available 
relevant information were recorded. Copies of post- 
mortem reports were obtained from the Department of 
Pathology if not filed in the notes. Post-mortem 
examination was performed whenever possible. In 
practice, it was possible only when patients died in 
hospital. This was determined by clinical and social 
factors: wherever possible, patients were allowed to die 
at home. Patients were, thus, nominally unselected, but 
it is not possible to determine whether these patients 
were typical of the whole. The same objection applies to 
all post-mortem series. The referring units did not 
routinely perform TNM staging of lung tumours during 
this period. 

Until 1977, scintigraphy was performed with an Ohio 
Nuclear series 100 gamma camera fitted with a whole- 
body scanning attachment. Subsequently, a Cleon 760 
multidetector scanner was used. Examinations were 
carried out 2-5 h after intravenous administration of 
700 MBq (20mCi) of ??Tc" MDP. Settings were 
adjusted to give a count density sufficient to maximise 
the detection of both photon-rich and photon-deficient 
lesions (Merrick, 1973, 1984). All the studies were 
reported or reviewed (with radiographs of all suspect 
regions) by M.V.M. The radiographs were subsequently 
seen by at least three independent observers: a 
consultant radiologist, a radiotherapist and a chest 
physician or surgeon. Any divergence of interpretation 
was resolved by consensus. 

The complete series was re-examined in 1984/85, 
initially without knowledge of the original reports. All 
of the scintigrams, but few of the radiographs, were still 
available, so that interpretation of the significance of 


any abnormality usually rested upon the contemporary 
consensus interpretation of the radiographs. For the 
purpose of this review, studies were classified as normal 
if there was no scintigraphic abnormality or if there was 
a definite benign explanation for the scintigraphic 
findings (osteoarthritis, osteomalacia, etc.). They were 
regarded as abnormal only if there was radiographic 
confirmation of at least one metastic site. The 
remaining cases, including those in whom adequate 
radiographs were not available and those with 
scintigraphic abnormalities for which there was neither 
a benign nor a malignant explanation, were classified as 
equivocal, even though originally reported as "sug- 
gestive of" or "probable" deposits. 

Survivals were compared using the Lee Desu variant 
of the log-rank test. Groups were compared using 
standard y? tests, with corrections where appropriate. 


RESULTS 

The age range of the population studied is shown in 
Fig. | and the distribution of histological types in 
Table I. Table H summarises the relationship between 
histology and scintigraphic findings in patients imaged 
within 8 weeks of diagnosis compared with that in 
patients imaged at later times. There was no significant 
difference in the prevalence of deposits in any category 
between subjects imaged early and those imaged late. 
There were minor discrepancies in the number of 
affected sites, but no case would have had its 
classification altered significantly as a result of the 
review at the end of the study. 

The relationship between age, sex and scintigraphic 
findings is detatied in Tables HI and IV. Many of the 
subgroups are rather small. The differences between the 
prevalence of metastases in different histological types 
and between males and females are not statistically 
significant. Survival from time of diagnosis of patients 
who did not have skeletal metastases was significantly 
longer than of those with deposits, for all histological 
types (Table V and Figs 2, 3). 

Three hundred and sixty-four patients (62%) had 
complained of pain by the time scintigraphy was 
performed. Of those with pain, 60% had scintigraphic 
evidence of skeletal metastases and a further 13% had 
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Fig. I. 
Age distribution of the population studied. 
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TABLE I 
TYPES OF TUMOUR 





Histology No. of patients 
Male Female 

Oat cell 97 45 
Squamous 143 45 
Adenocarcinoma 32 14 
Mixed or undifferentiated 19 Il 
Large cell 25 12 
No histology 102 36 
Mesothelioma 5 ] 


% of total % of type with 
with this significant 
histology abnormality* 
24 49 
32 50 

8 63 

5 37 

6 57 
24 55 

] 33 





*y = 7 54, 6 d.f , (not significant) 


scintigraphic evidence of degenerative or other benign 
bone disease. The pain was considered to be of 
extraskeletal origin or remained unexplained in the 
remainder. The survival of patients complaining of 
pain at diagnosis was shorter than of those without 
(y? = 14.64; 1 d.£; p < 0001). 

The alkaline phosphatase level was recorded as 
elevated in 68 patients (12%). It was, however, the 
policy in some units not to preserve normal laboratory 
results. This figure is therefore a minimum estimate, as 
it was not possible to distinguish between a normal 
result, failure to incorporate an abnormal result into the 
notes and non-performance of the test. 

Post-mortem examinations were obtained in 57 
(9.7%) of the patients, 40 males and 17 females (Table 
VI) Because it was possible to obtain a post-mortem 
examination only when patients died in hospital, the 
survival figures of this group are weighted by a small 
number who were admutted undiagnosed and had a 
short, terminal illness. There were seven false negatives 
and no false positives in cases with a non-equivocal 
report Skeletal metastases were found in three of the 
eight equivocal cases. One patient who died 3 years 
after normal scintigraphy had no skeletal metastases 
post-mortem, nor were any suspected clinically "This 
was considered a true negative. In the remainder, the 


median interval between scintigraphy and death was 33 
(range 1—297) days; 8594 had died within 90 days. The 
mean age at deatb was 61.8 years (range 28—80 years, 
SD10 years). not significantly different from that of the 
whole series. 


DISCUSSION 

The range of reported prevalence of skeletal 
metastases in carcinoma of the bronchus (Table VII) is 
too large to be dismissed as statistical fluctuations. 
There is no reason to assume that any published series 
consists either of a representative or of a randomly 
selected sample of the full population. In all series there 
was clearly selection of patients in one form or another 
In most, neither the criteria for inclusion nor the 
composition of the original population are defined. Our 
population consisted of all patients residing in the 
south-east of Scotland with lung cancer in whom 
skeletal scintigraphy was considered clinically relevant 
by the responsible clinician. 

Older post-mortem series (Gilbert & Kagan, 1976; 
Komaki et al, 1977), pre-dating the introduction of 
antibiotics, variously put the prevalence of skeletal 
metastases as between 14% and 50%, but did not 
distinguish between cell types More recent series 
(Abrams et al, 1959; Auberbach et al, 1975; Matthews, 


TABLE U 
EFFBCT OF DELAY ON SCINTIGRAPHIC FINDINGS 


More than 8 weeks 


Histology Interval between diagnosis and first bone scantigraphy 
Less than 8 weeks 
Total no. Abnormal 
(%) 
Oat cell 74 50 
Squamous 83 47 
Adenocarcinoma 14 64 
Large cell 21 48 


Total no Abnormal 
(^4) 
68 5I 
105 52 
32 63 
16 69 
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TABLE HI 
AGE DISTRIBUTION OF METASTASES IN MALES 


Histology Age 25—54 years 
Total no Abnormal (%) 

Oat cell 25 14 (56) 
Squamous 19 10 (33) 
Adenocarcinoma 8 6 (75) 
Mixed or undifferentiated 8 5 (63) 
Large cell 4 2 (50) 
No histology 13 5 (38) 


1976) have found a prevalence in the upper part of this 
range. As Matthews (1976) showed, routine post- 
mortem examinations often do not include an exhaus- 
tive examination of the skeleton and, thus, under- 
estimate the true prevalence of bone metastases by a 
substantial amount. These figures, therefore, represent a 
minimum estmate of the true prevalence and, as Kies 
et al (1978) pointed out, probably account for the high 
"false positive" rate of bone scintigraphy in some series, 
including their own. 

Scintigraphic senes make no pretence of being a 
random cross-section. Patients are referred because the 
test is expected to yield clinically useful information. 
Most report a rather lower prevalence than the post- 
mortem series, although that in the present series was 
310 out of 587 (53%). Factors, not mutually exclusive, 
contributing to this variation include differing percep- 
tions of the indications for investigation, the criteria of 
definng abnormality and the completeness of both 
post-mortem and scintigraphic examinations. The 
additional possibility of real differences between 
populations cannot be excluded. Moreover, when 
investigations for conditions such as metastases are 
performed sequentially, the detection rate of any one 
investigation will depend on its order in the sequence. 
In our senes, skeletal scintigraphy was one of the earlier 
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Fig. 2 
Actuarial survival of patients with squamous carcinoma of 
bronchus Solid line = scintigraphy normal; broken 
line = scintigraphy abnormal; r^ = 16.97; 1 d f.; p < 0001 


Age 55-74 years Age 275 years 
Total no Abnormal (%) Total no Abnormal (94) 
65 29 (45) 7 4 (57) 
113 58 (51) i! 7 (64) 
23 15 (65) l 0 
9 6 (67) 2 1 (50) 
20 14 (70) l 0 
74 44 (59) 15 6 (40) 


tests to be performed, one department serving both the 
primary population and the secondary referral centre. 


Small-cell tumours 

Less information is available about the variation of 
prevalence with cell type (Table VIII. Hansen and 
Muggia (1972) obtained positive iliac-crest biopsies in 
46% of patients with small-cell carcinomas. A more 
recent series (Ohnoshi et al, 1982) reported less than 
half this frequency Auerbach et al (1975) found bone 
metastases post-mortem in 35% of 163 patients, while 
Matthews (1976) observed a prevalence of 37% in her 
“retrospective” series but 55% overall prospectively It 
was higher still in patients with less differentiated 
tumours (Matthews & Gazdar, 1981). 

The figure of 49% in patients with small-cell tumours 
in the present series was slightly higher than in most 
other scintigraphic studies (Table VIH). This 
discrepancy must be seen in the context that Levenson 
et al (1981) and Ihde et al (1981) apparently include 
common material, while their scintigraphic technique i8 
not fully described. As far as can be ascertained, they 
employed low count-density images, which have been 
shown to underestimate the true prevalence of deposits 
(Merrick, 1973). The lower prevalence found by 
Dimmler and Nachbur (1984) 1s probably due to pre- 
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DATS 

Fia. 3. 
Actuanal survival of patients with oat-cell carcinoma of 
bronchus Solid hne = santgraphy norma; broken 


hne = scintigraphy abnormal, 77 = 8 94, 1 d.f.; p < 0.01 
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TABLE IV 
AGE DISTRIBUTION OF METASTASES IN FEMALES 
Histology Age 25-54 years Age 55-74 years Age > 75 years 
Total no Abnormal (%) Totalno. Abnormal (%) Total no Abnormal (*4) 
Oat cell 16 5 (31) 26 16 (62) 3 2 (67) 
Squamous 8 2 (25) 34 16 (47) 3 1 (33) 
Adenocarcinoma 7 4 (57) 5 3 (60) 2 1 (50) 
Mixed or undifferentiated 2 2 (100) 8 4 (50) l 0 
Large cell 4 2 (50) 7 3 (43) 0 0 
No histology 6 4 (66) 24 12 (50) 6 5 (83) 


selection of patients referred to a thoracic surgical 
clinic. As we accepted only cases in which there was 
radiological confirmation of metastases and as the 
diagnosis was confirmed in all examined post-mortem, 
the higher figure is unlikely to be incorrect in our 
population. The prevalence was similar, irrespective of 
whether patients were imaged at presentation or late in 
the course of the disease (Table II), suggesting that in 
many cases metastasis to bone preceded the event 
directing the patient to medical attention. 


Squamous carcinoma 

Similar consideratons apply with squamous 
carcinoma, in which the difference between the present 
and previous series is much greater. The post-mortem 
prevalence has been reported as 256% of 233 
(Auerbach et al, 1975), 20% of 126 (Matthews, 1976, 
retrospective) or 23% of 35 (ibidem, prospective). The 
low prevalence found scintigraphically by Napoli et al 
(1973) may be the result of limitations imposed by their 
employment of strontium isotopes. The difference 
between that reported by Dimmler and Nachbur (1984) 
and ourselves is likely, as with small-cell tumours, to be 
related to criteria of selection of patients referred for 
examination, theirs apparently being considered for 
surgery, while ours includes a substantial number 
investigated before referral to a surgical clinic, in whom 
there was a clinical suspicion of metastases Because of 
the way in which our patients were referred, these two 
groups cannot be reliably separated. However, in view 
of the confirmation in all of our patients examined 


post-mortem and the stringency of the criteria defining 
abnormality 1n the others, there can be no doubt that 
the prevalence of skeletal metastases in patients referred 
to us for skeletal scintigraphy was high. It is arguable 
that this figure may be more representative of the 


population needing investigation 


Other cell types 

The highest prevalence is found in adenocarcinoma. 
Our population (30/46) was similar in this respect to the 
only previous large scintigraphic series (Oyamada et al, 
1978), but showed a higher prevalence than Matthews’ 
“prospective” (15/33) or either retrospective post- 
mortem series (40/110, 73/167) We did not corroborate 
Oyamada's finding of a much lower figure in patients 
unaged within 8 weeks of diagnosis, nor were we able to 
test Matthews' observation of a higher prevalence in 
patients with less differentiated tumours. It is note- 
worthy that Dimmler and Nachbur (1984) found a 
lower prevalence in this group also, as well as in large- 
cell carcinoma. Indeed, the only cell type in which we 
found a lower prevalence than these authors was 
undifferentiated carcinomas. The prevalence in our 
patients with large-cell tumours was similar to that 1n 
Matthews’ "prospective" post-mortem series, but 
higher than both of her retrospective post-mortem 
series 


Survival 
Gravenstein et al (1979) and Levenson et al (1981) 
both found abnormal skeletal scintigraphy to be 


TABLE V 
MEAN SURVIVAL 


Histology Scintigraphy abnormal Scintigraphy normal 
Mean age (years) Mean survival (days) Mean age (years) Mean survival (days) 
Oat cell* 587 148 54.9 245 
Squamous” 63 8 128 62 8 282 
Adenocarcinoma 57.7 195 54.3 309 
Large celi 640 108 679 225 


* Includes only those patients imaged within 8 weeks of diagnosis. 
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TABLE VI 
CORRELATION BETWEEN SCINTIGRAPHIC AND POST-MORTEM FINDINGS 


Histology True True False False Santugraphy 
positivo negative negative negative equrvocal 
scintigraphy post-mortem 
examination 
Oat cell 9 3 2 | post-mortem + 
| post-mortem — 
Squamous 8 3 2 1 suspect 
region not 
seen post-mortem 
Adenocarcinoma 6 I 2 post-mortem — 
Mixed or undifferentiated 4 3 2 l 
Large cell 2 | post-mortem + 
2 post-mortem — 
Mesothelioma | l ] 
Total 30 10 7 2 8 


associated with a reduced survival However, the. former 
did not distinguish between histological types, while the 
latter considered only patients with oat-cell tumours 
receiving chemotherapy The difference in survival 
between the two groups in the latter series, although 
statistically significant, was small. [hde et al (1981) found 
that the survival of patients receiving chemotherapy 
who had deposits limited to a single site was similar to 
that of patients with local disease. Their text is 
ambiguous, but it appears that the skeleton was 
regarded as a single site. They did not analyse the 
number of involved locations. This bas been misquoted 
in many subsequent papers. Neither of these series 
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Actuarial survival of asymptomatic: patients with carcinoma of 
bronchus Solid line = scintigraphy normal, broken 
line = scintigraphy abnormal, 77 = 9.82, 1 df, p «001 


assessed survival in patents not receiving chemo- 
therapy. Irrespective of the precise meaning, it is 
evident that their conclusons were based on data 
lacking a proper control population. 

The substantial prognostic unportance of santi- 
graphic abnormalities in patients not receiving chemo- 
therapy 1s confirmed in the present series for all major 
histological categories (Table V and Figs 2, 3). Indeed, 
the duration of survival of patients without skeletal 
metastases 18 approximately double that of those with 
them. If the findings from the present series can be 
extrapolated to the earlier ones, it may be concluded 
that the effect of chemotherapy on survival is much 
greater in patients with skeletal metastases and a poor 
prognosis, than in those with more localised disease 
(which has a better prognosis even 1f untreated). It may 


TABLE VII 
PREVALENCE OF SKELETAL METASTASES IN LUNG CANCER 


Authors Year No of Prevalence (94) 
CASES 
Napoli et al 1973 110 38 (35) 
Scott & Adams 1974 56 12 (21) 
Shirazi et al 1974 264 119 (45) 
Tofe et al [975 230 147 (64) 
Williams et al 1977 100 37 (37) 
Donato et al 1979 60 20 (33) 
Gravenstein et al 1979 113 46 (41) 
Kelly et al 1979 88 40 (46) 
Levenson et al 1981 119 49 (41) 
Dummler & Nachbur 1984 227 53 (23) 
Present series 1986 587 310 (53) 
Total 1844 833 (45) 


X =11564; l0 d f, p « 0.001 
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TABLE VIII 
PREVALENCE OF METASTASES BY CELL TYPE 


Authors Year Smal cell Squamous 
Napoli et al 1973 11/22 (50%) . 9/36 (2594) 
Oyamada et a] 1978 

Bitran et al 1981 17/30 (574) 

Levenson et al 1981 49/119 (41%) 

Ihde et al 1981 40/106 (38%) 

Dimmler & Nachbur 1984 16/37 (8%) 33/105 (31%) 
Present series 1986 = 70/142 (4994) 94/188 (50%) 


be questioned whether there was any benefit from 
treatment of patients with normal scintigraphy. The 
suggestion that skeletal scintigraphy is not prognostic- 
ally useful 1s clearly erroneous. 

Maurer and Pajak (1981) reported that the survival 
of patients with a single skeletal metastasis was no 
worse than that of patients with normal scintigrams. 
However, this conclusion was based on only seven 
cases. The sites of the abnormalities were not stated and 
in none was there either radiological or other 
confirmation of the nature of the scintigraphic 
abnormality. As Corcoran et al (1976) pointed out, at 
least one third of solitary scintigraphic lesions are 
benign. The percentage is higher in ribs (Talarico et al, 
1982; Tumeh et al, 1985) up to 90%, while 
interpretation of bone scintigraphy limited to counting 
"hot spots" can give a false positive rate of 70% or 
more (Merrick, 1986). The number of patients with 
solitary deposits in the present senes is too small for 
useful statistical analysis, especially as a number of 
patients had several scintigraphic abnormalities, only 
one of which was proven to be a deposit. It is not 
reasonable to conclude, on the basis of available 
evidence, that a single skeletal deposit is of no 


prognostic significance. 


Pain 

A higher prevalence of bony deposits has been 
reported in symptomatic than in asymptomatic 
patients. We found the prevalence of skeletal metastases 
to be 257 out of 488 (57%) in those with symptoms, 
similar to that found in some post-mortem series 
(Gilbert & Kagan, 1976), although lower rates have 
been reported in patients dying shortly after "curative" 
resections (Matthews et al, 1973) Kies et al (1978) 
detected scintigraphic abnormalities in 90% of sympto- 
matic patients, and White et al (1982) identified deposits 
in the presence of bone pain or tenderness in 22 out of 
25 patients (88%), while Hooper et al (1978) and 
Dimmler and Nachbur (1984) observed that 48% of 
patients with scintigraphic abnormalities had bone pain. 
Scott and Adams (1974), on the other hand, found 
skeletal metastases in only 12 out of 56, all of whom 
had pain, but none in patients who were asymptomatic, 


Adenocarcinoma Large cell Undifferentiated 
8/21 (38%) 10/31 (32%) 

64/106 (60%) 

13/27 (48%) 5/17 (29%) 18/41 (44%) 
29/46 (63%) 21/37 (57%) 11/30 G7%) 


possibly because they were limited to what would now 
be regarded an inadequate activity of °7Sr®. 

The various series are not directly comparable, as 
different definitions of "symptomatic" have been 
employed, some including only bone pain while others 
include non-specific pain and symptoms such as weight 
loss. The prevalence of deposits 1n patients with pain in 
the present series was 57%, while 62% of those with 
evidence of bone metastases were symptomatic. The 
survival of patients with pain was significantly shorter 
than that of those without = 14.64; lidf, 
p <0.001), and abnormal skeletal scintigraphy in 
addition carned a worse prognosis still. However this 
group is defined, there is no disagreement that 
symptomatic patients yield a substantial incidence of 
clinically and prognostically important scintigraphic 
abnormalities, many of which are not readily identified 
by any other technique Scintigraphy 1s, thus, indicated 
in any patient with pain for which no explanation is 
apparent on plain radiographs. 


Screening 

In comparison with the high detection rate in 
symptomatic patients, Hooper et al (1978) found 
abnormalities in only four out of 49 who were 
asymptomatic, in two of whom deposits were not 
subsequently confirmed, while Kelly et al (1979) 
detected them in eight out of 59 (13.6%). Four with 
definite deposits were detected from a group of 57 
patients with operable peripheral tumours (Turner & 
Haggith, 1981). In three this was due to local rib 
involvement and did not contraindicate thoracotomy, 
while the fourth also had liver deposits. Two of five 
further patients in this series with probably abnormal 
scintigrams did not develop evidence of skeletal 
metastases during a follow-up of 28 months and 30 
months, respectively, and were, therefore, regarded as 
false positives. All of these studies can be cnticised 
either because of extrapolation from selected to 
unselected populations or on technical grounds. Some 
relied on low count-density surveys, a technique which 
has been shown to be unreliable and to senously 
underestimate the prevalence of abnormalities 
(Merrick, 1973), or reported scintigrams without 


119] 


VoL. 59, No. 708 


M. V. Merrick and J. M. Merrick 


reference to radiographs. Others contain insufficient 
information for assessment. It has, however, been 
suggested that, because of the low detection rate and 
high percentage of false positives, routine scintigraphy 
is not indicated 1n asymptomatic subjects. 

Our findings do not support this view. We identified 
skeletal deposits in 53 out of 139 asymptomatic patients 
(38%), a figure similar to that reported by Kies et al 
(1978) and by Oyamada et al (1978). The survival of 
those with occult metastases was significantly shorter 
than that of those without (Fig. 4) (x? = 9 82, 1 df.; 
p «0.01) Skeletal scintigraphy thus gives important 
prognostic 1nformation in asymptomatic patients with 
apparently localised disease, and may be the only 
staging investigation required by these patients. 

There are additional, economic, grounds for perform- 
ing scintigraphy 1n all patients for whom thoracotomy 
is considered (McNeil, 1984). White et al (1982), using 
an outcome audit to assess the benefit derived from 
bone scintigraphy, concluded that examinations 
performed for a specific clinical indication had a 
recognisable effect (benefit) on decision making in 22 
out of 25 patients being assessed for surgery, in three 
out of 41 patients where it was performed as a staging 
procedure and in four of 15 asmyptomatic subjects 
being followed up. Àn important observation was that 
& normal result was as likely to be "beneficial", ie to 
influence decisions about management, as an abnormal 
one. The prevalence of abnormal findings is, by itself, 
not an indication of the usefulness of an investigation. 
Even if only crude financial considerations are 
considered, very few operations need to be cancelled to 
offset the cost of scintigraphy: Donato et al (1979) 
suggest a ratio of 1. 10. 


Alkaline phosphatase levels 

Only half of the patients reported by Williams et al 
(1977) and Kelly et al (1979) with scintigraphic evidence 
of skeletal involvement had a raised alkaline phos- 
phatase level In the majority it was less than 10% 
above the upper limit of the reference range, while in the 
former series the alkaline phosphatase level was also 
raised in 45 patients without skeletal deposits. This is in 
accord with the findings of Cowan and Young (1973), 
who found that only 38 out of 100 patients with skeletal 
metastases from an unspecified mixture of primary 
neoplasms had a normal alkaline phosphatase level. 
Hooper et al (1978), on the other hand, reported that it 
was raised in all of their patients with a scintigraphic 
abnormality 

In the present series the alkaline phosphatase level 
was recorded as elevated in 13% of patients with 
abnormal skeletal scintigraphy However, 47% of 
subjects with a raised alkaline phosphatase level did not 
have secondary bone lesions In a few cases, the cause 
was Paget’s disease (Merrick & Merrick, 1985), healing 
fractures or osteomalacia, in the majority, pathology 
was extraosseous. Greater tissue specificity may be 
obtained using assays of isoenzymes, but information 


about the nature, extent and localisation of disease is 
still absent. Indeed, as with carcinoma of the prostate 
(Merrick et al, 1985), this specificity may reduce the 
sensitivity of the test. 

A raised alkaline phosphatase level is, thus, an 
indication for performing skeletal scintigraphy, because 
it identifies a group with a high probability of skeletal 
pathology, but does not indicate the site of disease, 
whether it is benign or malignant, nor whether solitary 
or multiple. In many cases the skeleton is not involved. 
A normal value does not exclude bone metastases Such 
evidence as 18 available suggests that alkaline phosphate 
level i$ not an important prognostic factor in lung 
cancer. 


Accuracy 

No single parameter unambiguously defines the 
clinical value of a test. The accuracy, true positive rate 
and true negative rate are all affected by the prevalence 
of the condition in the population under investigation. 
In general, the most useful indices are the predictive 
value of a positive test and that of a negative result 
(Goris, 1985). Bone scintigraphy combines high 
sensitivity for the detection of focal skeletal abnormal- 
ties with poor specificity in differential diagnosis. With 
lung, as with other tumours, high false positive rates 
have been recorded only when scintigraphy was 
reported in isolation (Ramsdell et al, 1977), or the 
radiographs and scintigrams were reported separately 
(Kies et al, 1978). False positives in general indicate the 
employment of inappropriate criteria for interpretation, 
or radiological error (Kunkler et al, 1985). 

In the present series only those patients with 
unequivocal confirmation of at least one metastasis 
were accepted as having had a positive diagnosis. In some 
cases thus was confirmed by a review of existing 
radiographs, but more commonly, additional planar or 
tomographic projections of precisely defined regions 
were obtained after scintigraphy. Using this approach 
the “scan positive, radiograph negative" patients 
described in earlier series were found to be uncommon 
The diagnosis was confirmed in all patients examined 
post-mortem and by clinical and radiological follow-up 
in the others. The number of cases considered equivocal 
1$ largely a reflection of how vigorously the diagnosis is 
pursued. Thus, eight out of 57 patients examined post- 
mortem (14%) were in this category, in three of whom 
deposits were confirmed. The condition of these 
patients had deteriorated before adequate radiographs 
could be obtained. 

The false positive rate can be reduced to zero, as in 
the series by Williams et al (1977) and Donato et al 
(1979) and the present one, only if an adequate clinical 
history is available and appropriate radiographic 
projections of all scintigraphically or clinically suspect 
areas are examined at the same time as the scintigram. 
Solitary lesions in particular are commonly due to 
benign processes (Corcoran et al, 1976; Talarico et al, 
1982, Tumeh et al, 1985). A history of minor trauma 
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could be elicited from many of our patients with 
solitary or contiguous lesions, especially in ribs. By 
reviewing both the radiographs and the scintigrams 
together, with the clinical history, the significance of 
radiographic or scintigraphic abnormalities, which in 
isolation were likely to be discounted or misinter- 
preted, could often be evaluated. Tomography was 
considered necessary when there were one or more 
lesions unexplained and no unequivocal deposits. It was 
required in relatively few (less than 10%) of the 
abnormal cases, in most of which simple tomographic 
techniques were adequate. 

False negative examinations are well documented. 
Sauerbrunn et al (1972) reported five patients (6%) with 
false negative scintigrams. Nine false negatives were 
documented in the series of Williams et al (1977) and 
Donato et al (1979), six in patients with oat-cell 
carcinoma and three with poorly differentiated 
squamous carcinoma, a prevalence of 56% In our 
post-mortem senes there were seven false negative 
scintigrams (13%) and two false negative post-mortem 
examinations (3.5%), i.e., unequivocal radiological and 
scintigraphic evidence of bone metastases in areas 
which were not examined post-mortem. A scintigraphic- 
ally equivocal area was not examined post-mortem in 
one further patient. The prevalence of false negative 
scintigrams was similar in all the major histological 
types. On review, four were of adequate technical 
quality, although in one there was an interval of 1 year 
between scintigraphy and death and, in another, 
metastases were not visible macroscopically post- 
mortem 4 months after scintigraphy, but were 
confirmed on microscopy. In two other patients the 
scintigraphic examination was incomplete and did not 
include the region containing the abnormalities—the 
cervical spine in one and a mb in the mid-axillary line in 
another. The photographic record ın the remaining false 
negative was too dark to be of diagnostic value and 
should not have been accepted. Post-mortem examina- 
tion 1 year later revealed the deposits. There were, 
therefore, four false negatives out of 54 technically 
adequate examinations (74%). In contrast, all three 
technically inadequate studies in the post-mortem series 
proved to be false negatives. This underlines the 
importance of maintaining rigorous medical control 
over the technical quality of all examinations. All of the 
unsatisfactory studies had been accepted by experienced 
technicians. 

Scintigraphy, thus, achieved a sensitivity of 0.89, a 
non-specificity (false positives/true negatives) of 0.00 and 
an accuracy of 0.78. For accuracy to be improved, the 
number of equivocal examinations would have to be 
reduced. If technical inadequacies in scintigraphy were 
eliminated and adequate radiographs of every patient 
with unexplained scintigraphic abnormalities obtained, 
an accuracy of 0.93 might be achievable. The predictive 
value of a positive test, using strict cnteria, is 1.00, and 
the predictive value of a negative test, 0.71. There seems 
little prospect of significantly reducing the incidence of 


false negative examinations with existing radiopharma- 
ceuticals. In the present series most were due to 
tumours which provoked an insufficient osteoblastic 
response to be visible. Radiopharmaceuticals producing 
a higher contrast between deposits and normal bone 
might have detected some of these cases, but are 
unlikely to have visualised all. 
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ABSTRACT 

Twenty patients with extensive pelvic tumours have been 
treated with radiotherapy and regional hyperthermia using an 
annular phased array applicator (APA). The majority of 
patients had bulky disease with a mean tumour volume of 
206 cm?. In 63 of 67 attempted treatments heating was 
achieved, temperatures in excess of 42°C being reached in the 
pelvis in 78%. Heat doses, however, were low, only 41% of 
treatments exceeding 5 min equivalent at 43°C. Treatment was 
usually limited by acute toxicity and, although this was 
marked, it was of short duration and no long-term sequelae 
have been noted. With gain in operator experience, later 
treatments have achieved improved thermal doses. Response 
was difficult to assess but we have documented responses in six 
of 12 assessable patients. Palliation has been achieved in all 
patients with symptoms. Preliminary attempts to shift the 
region of maximum heating by phase variations in the APA 
output are promising, and this technique should improve the 
quality of treatments and reduce toxicity. The APA is thus 
capable of inducing pelvic regional hyperthermia, and a 
randomised controlled study is now planned to assess the value 
of pelvic hyperthermia as a treatment modality. 


Hyperthermia, both alone and in combination with 
other treatment modalities, has now been extensively 
investigated in both the laboratory and the clinic. 
Controlled clinical studies on superficial tumours now 
confirm a synergistic interaction between radiotherapy 
and hyperthermia with an increase in both complete 
and partial response rates (Arcangeli et al, 1983; 
Overgaard, 1984) and possibly an increase in speed and 
duration of response (Scott et al, 1984). In addition, the 
possibility of achieving a therapeutic gain by suitable 
timing of the two modalities has also been 
demonstrated (Arcangeli et al, 1983). The interaction 
between radiotherapy and hyperthermia has not been 
demonstrated in deep-seated tumours as, until recently, 
techniques for heating at depth were not available. 
Most experience of regional hyperthermia has been in 
the use of hyperthermic limb perfusion, often in 
combination with chemotherapy (Stehlin et al, 1979). 
A number of techniques are now being investigated 
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for inducing regional hyperthermia using capacitive, 
inductive and radiative methods of electromagnetic 
heating. The latter method has been used in the 
commercially available annular phased array (APA) 
produced by the BSD corporation, Salt Lake City. 
Experience with this machine is limited, the only large 
series reported being that of Sapozink et al (1984) using 
the prototype. Following the commission of an APA in 
our department, a feasibility study was initiated to 
assess the capability of the equipment to heat at depth 
in patients with pelvic tumours. 


METHODS 


The annular phased array 

The APA is an applicator comprising 16 radio- 
frequency (RF) radiators arranged in two circles of 
eight. The dimensions of the octagonal aperture are 
such that constructive interference occurs at its centre, 
leading to preferential energy deposition and, thus, 
heating in this region. The patient is positioned within 
the aperture and coupled to the applicators by three 
bolus bags filled with deionised water (Fig. 1). The 
external electric field strength is measured by four 
electric field ("E" field) probes positioned on the 
patient's skin. The APA is powered by a 2 kW amplifier 
which can be operated in the frequency range 
50-100 MHz. 


Thermometry 
Temperatures were measured with non-perturbing 
high-resistance thermistors (Bowman probes) calibrated 
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Fic. 1. 
Diagrammatic cross-section of the annular phased array. 
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Fic. 2. Case // 
A CT section across the pelvis showing bladder tumour with 
catheter in place. 


against two National Bureau of Standards traceable 
thermistor probes. Four probes were available for use 
in regional hyperthermia treatments. They were inserted 
into normal and tumour tissues along l6-gauge blind- 
ended Teflon catheters (Deseret Medical Inc.. USA). 
Usual pelvic sites for temperature measurement were 
the rectum, vagina and urinary bladder. an oral probe 
being used to monitor changes in core temperature. 
These intracavitary probes were useful for measuring 
normal tissue temperatures and, often, were situated 
adjacent to tumour tissue. Intratumour catheters were 
also inserted wherever possible. In patients where the 
tumour was palpable, this could be performed direct, 
percutaneously, per vagina or per rectum. With more 
deeply situated tumours, catheters were inserted under 
the control of computed tomography (CT) (Fig. 2). 
When possible, probes were tracked during treatment 
along the catheter to measure the temperature profile 
across the tumour (Fig. 3). 


Patient selection 

Patients were selected if they had extensive pelvic 
tumours considered to be unlikely to respond well to 
standard treatment modalities. Treatments were limited 
to the pelvis as this has been shown to be the site most 
easily heated with the APA (Sapozink et al, 1984), and 
heating of more proximal regions often results in 
unacceptable systemic hyperthermia. In addition, the 
normal body orifices allow access to deep pelvic tissues 
for thermometry. Thus, the majority of patients had 
extensive pelvic recurrences of rectal, cervical and 
bladder tumours. Many patients had been heavily pre- 
treated with radiation and/or chemotherapy; however, à 
few previously untreated patients with particularly 
extensive tumours were also considered suitable. 





FiG. 3 
Temperature profile across the tumour shown in Fig. 2 during 
a treatment. Core temperature 39.]^C 


Patients need to be relatively fit to tolerate the 
possible stress of regional hyperthermia and a per- 
formance status of 2 or less (World Health 
Organization (WHO), 1979) is desirable. In particular, 
patients. with. known ischaemic heart disease were 
excluded in view of the transient changes in pulse rate 
and blood pressure seen during treatment. Patients also 
needed to be emotionally stable and well motivated. All 
patients gave full informed consent after the experi- 
mental nature of the treatment had been explained to 
them. 

For patients considered suitable for treatment, 
further investigations included estimations of haemo- 
globin, white cell count, and platelets, serum urea and 
electrolytes, liver function tests and protein electro- 
phoresis. Serum creatine kinase and lactate dehydro- 
genase estimations, together with the prothrombin time, 
thrombin time and kaolin partial thromboplastin time 
were also measured. Cardiac enzyme estimations and a 
coagulation screen were carried out because of the 
known cardiovascular stress induced by these 
treatments and the coagulopathies reported following 
whole-body hyperthermia (Engelhardt, 1984). Pelvic CT 
was performed to document tumour size and suitability 
for CT-guided catheter placement. Where the tumour 
approximated to a sphere or ellipsoid, its volume was 
calculated using the formula 4zabc/3; where a was half 
the length; and b and c were the maximum radii at 90 
to each other. 


Radiotherapy 

All hyperthermia treatments were combined with 
radiotherapy. The latter was planned to suit the 
individual patient's requirements regarding dose and 
technique. In all cases, planned volumes were treated to 
encompass known disease. When there had been 
previous radiotherapy, the most usual regimen was 
20 Gy in 10 daily fractions over 12 days, and in these 
cases hyperthermia was given twice weekly on a 
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Monday-Thursday, Tuesday—Friday basis. Where there 
had been no pnor radiotherapy, higher doses were 
given, usually 50 Gy in 25 daily fractions over 35 days 
in view of the large treated volume in the majority of 
patients. In these cases hyperthermia was given once a 
week, as our early experience indicated that patients 
would rarely accept more than a total of five 
hyperthermia treatments. On all occasions the hyper- 
thermia treatment was given within 1h after 
irradiation. 


Hyperthermia treatment procedure 

Pre-treatment preparation involved ensuring an 
empty rectum before heating to avoid local hot spots in 
faecal masses, and occasionally a sedative for 
particularly anxious patients (diazepam 10 mg orally). 
A urinary catheter was inserted to drain residual urine 
which may result in localised heating; this also provided 
access to the bladder for thermometry. Other 
thermistors were placed in the rectum and vagina as 
indicated and into a catheter inserted into the tumour 
when this was available. The patient was then 
transferred onto a stretcher passing through the 
aperture of the APA. The latter was then guided over 
the patient until the pelvis was positioned at its centre. 
Saline bags were placed between the legs and behind the 
neck of the patient to avoid local hot spots in these 
regions where the body contour narrows, leading to 
convergence of the “E” fields (Turner, 1984). 

Power was then applied through the APA until a 
temperature rse of about 0.3°C/min was obtained, 
which usually required between 1.0kW and 1.6 kW. 
This was continued until the desired temperature of 
43°C was reached or toxicity necessitated power 
reduction. During treatment, blood pressure and pulse 
were monitored automatically and the oral temperature 
was measured intermittently. When necessary, the room 
temperature was reduced in order to maintain the core 
temperature at acceptable levels; also, cooled water 


could be circulated through the bolus bags and a fan 
directed onto the patient’s face and torso. Our planned 
treatment was to maintain the tumour at 43°C for 
30 min while keeping normal tissue temperature below 
this. An example of such a treatment is illustrated in 
Fig. 4. 

Following the treatment, quarter-hourly measure- 
ments of temperature, pulse and blood pressure were 
recorded for a further period of 1 h. In all cases these 
had returned to normal at the end of this time. The 
overall time for treatment, including catheter insertion, 
sometimes took up to 2h. In this pilot study, patients 
undergoing regional hyperthermia were admitted for at 
least one night for further observation, although this 
may prove to be unnecessary as a routine. 


RESULTS 


Hyperthermia 

Sixty-seven treatments were performed in the APA 
on 20 patients, an average of 3.4 treatments per patient. 
Details are given in TableI. All patients had 
histologically proven pelvic tumours, some extending 
into the lower abdomen. The majority of patients had 
extremely bulky disease as estimated by CT, with 
volumes ranging from 10cm? to 679cm? (mean 
206 cm?). Eight patients had colorectal tumours, five 
had carcinoma of the cervix, three had carcinoma of the 
bladder, one each had carcinoma of the prostate, uterus 
and vagina and one had pelvic sarcoma. Patients’ ages 
varied from 32 years to 71 years with a mean of 59 
years. Twelve patients had previously been treated with 
radiotherapy, doses ranging from 24 Gy to 60 Gy, and 
12 patients had undergone surgery previously. Of the 67 
treatments attempted, 63 are assessable. On the 
remaining four occasions, heating was never achieved 
due to equipment failure. During our initial experience 
technical problems were a significant factor, limiting 
temperatures achieved in a further 10 treatments. The 
most persistant problem was a frequency-dependent 
interference between the APA and the thermometry 
system. This may be eliminated by changing the 
frequency by 5-10 MHz when it occurs. In general, 
technical difficulties seem to have been mainly teething 
problems, at least in part due to our own inexperience 
in the use of this equipment, and have now become 
rare. 
There are two ways of assessing the success of these 
treatments, the first being to find out on how many 
occasions certain specified temperatures were reached. 
This approach assesses the technical ability of the 
machine to heat at depth. The second is by the 
calculation of a “heat dose” which takes into account 
the time-temperature relationship. Overall, in our series 
43°C was reached at depth within the pelvis in 29 (46%) 
of treatments and 42?C in a further 20 (3295) (Fig. 5). 
Thus, if 42°C is considered to be a therapeutically 
useful temperature, this was reached in 78% of 
treatments. “Heat doses” were calculated as minutes 
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TABLEI 
PATIENT AND TREATMENT DATA 
Case Age Site of Tumour — Radiation No. of Response 
(years) primary volume h 
tumour (cm?) Dose Numberof Time treatments Objective Pallation Survival 
(Gy) fractions (days) (months) 

l 66 Rectum NA 14 7 9 2 SD — 9 

2 59 Uterus 210 50 22 45 3 PR Yes 124- 

3 69 Rectum 10 12 4 14 3 SD Yes 12+ 

4 46 Cervix 216 50 23 35 2 NA -— l 

5 66 Colon 53 18 6 ll 3 NA Yes 2 

6 66 Bladder NA 20 9 39 7 SD — 8 + 

7 43 Colon 28 50 25 35 4 PR Yes 8 + 

8 40 Cervix NA 20 10 12 3 SD — 6+ 

9 36 Cervix 84 20 10 14 4 SD You 6+ 
10 68 Cervix 29 20 10 15 I NA NA 4 
11 66 Bladder 317 20 10 12 4 SD Yes 5 
12 68 Pelvic 647 20 10 12 3 PR Yes 44- 

sarcoma 

13 55 Rectum 679 40 20 28 2 CR Yes 2 
14 63 Rectum 246 50 25 35 5 PR Yes 3+ 
15 32 Cervix 142 65 33 49 2 PR Yes 2+ 
16 68 Prostate 126 30 15 23 4 — Yes 2+ 
17 71 Vagina 561 20 10 12 3 == Yes 1+ 
18 64 Bladder 96 30 15 19 4 — — l+ 
19 69 Rectum 12 36 12 32 4 — Yes 1+ 
20 63 Rectum 53 22 1] 15 4 — — 1+ 


NA = not assessable, SD = static disease, PR = partial response, CR = complete response. 


equivalent at 43°C (min/eq/43°C), using a standard 
formula (Dunlop et al, 1984). This approach to 
assessment was leas encouraging, with the desired dose 
of 30 min/eq/43°C achieved only once. Doses between 
15-29.9 and 5—-14.9 min/eq/43°C were achieved in 
seven and 18 treatments, respectively, with doses less 
than this on 37 occasions (Fig. 6). Thus, in 41% of 
treatments heat doses in excess of 5 min/eq/43°C were 
achieved. 

Some studies have indicated a tendency for intra- 
tumour temperatures to be higher than normal tissues 
(Storm et al, 1979). In this series intratumour probes 
were present in 11 of the 20 patients, and intratumour 
temperatures exceeded those of normal tissues in 50% 
of treatments. However, overall heat doses achieved 
were comparable with those elsewhere in the pelvis The 
significance of this is doubtful as there are marked 
temperature variations across the heated volume, as 
illustrated in Fig. 3 where a differential of 4.5°C existed 
across the tumour. 

With 1ncreasing experience in the use of the machine 
and more careful patient selection, the number of 
treatments per patient and the temperatures achieved 
have increased, but there is a discrepancy between the 
high proportion of treatments reaching therapeutic 
temperatures and the low heat doses recorded. This is 
because high intrapelvic temperatures are poorly 
tolerated for extended penods of time. 


Toxicity 

In all but two treatments the duration of heating and 
the temperatures achieved were limited by the acute 
toxicity of the treatment (Table ID). There were 74 
instances of some form of toxicity limiting treatment. 
During some treatments patients complained of more 
than one side-effect, necessitating power reduction or 
treatment termination. In 28 cases the treatment- 
limiting toxicity was the general discomfort of the 
patient; this was a combination of the uncomfortable 
treatment position and the effects of the induced 
systemic heating. The second most common problem, 
occurring in 15 treatments, was localised discomfort 
within the pelvis, relieved by a reduction in RF power 
and probably temperature-related. This sensation was 
often difficult for the patient to define but was not 
usually described as a feeling of heat or burning. Other 
side-effects were less common, but of note is that an 
unacceptable tachycardia or rise in core temperature 
limited only five and nine treatments, respectively. 
Other recorded treatment-limiting factors were anxiety, 
normal tissue temperatures exceeding 43°C and pain 
not related to heating, such as arthntic joint pain 
precipitated by the treatment position. It is of note that 
lack of RF power never limited the treatments. Other 
acute side-effects which were not severe enough to limit 
treatment are shown in Table HI. Tingling of either the 
arms or legs has been noted on four occasions but these 


1198 


DECEMBER 1986 


Regional hyperthermia for extensive pelvic turnours 


TEMPERATURE °C 


Fic. 5. 
Maximum temperatures reached m 63 treatments 


did not persist and there has been no resultant 
neurological loss. Drowsiness was noted on four 
occasions, usually associated with an oral temperature 
in excess of 39.5"C. On two occasions small burns 
occurred on the wrist following the patient touching the 
side of the APA with his watch. All jewellery is now 
removed before treatment. 

Although acute toxicity was marked, it was 
invariably of short duration and usually subsided 
within 1h of treatment. More prolonged symptoms 
have occasionally been noted. A generalised tiredness, 
usually lasting only 24-48 h, sometimes developed after 


TABLE I 


ACUTE TREATMENT-LIMITING TOXICITY: NUMBER OF EVENTS SREN 
DURING 63 TREATMENTS OF 20 PATIENTS 


Toxety No. of times recorded 
Generalised patient discomfort 28 
Pelvic discomfort 15 
Rise ın core temperature (oral 9 


temperature > 39.5°C) 
Tachycardia pulse > 150 


5 

Anxiety 4 

Pam not related to heating 4 

Hypertension: diastolic pressure 4 
> 105 mm Hg 

Hypotengion: systolic pressure 1 
« 100 mm Hg 

Normal tissue temperature »43*C 2 

None 2 
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FG. 6. 
Maximum heat dose achieved in 63 treatments 


treatment but some patients complained of general 
malaise and tiredness for a more prolonged period. This 
may be related as much to the radiotherapy as to the 
hyperthermia. In four patients frequency of micturition 
with dysuria, sometimes accompanied by a documented 
urinary tract infection, was noted as a result of the 
repeated urinary catheterisations. 

In two patients, both of whom had an abnormal pre- 
treatment ECG, cardiographic changes were noted after 
treatment. In one there was “T” wave inversion in the 
anterior chest leads and in the second patient a 
bigeminal rhythm developed. In both cases the ECG 
reverted to the pre-treatment appearance within 24 h. In 
neither case was there an associated rie in cardiac 
enzymes. Transient elevation of the serum non-cardiac 
creatine kinase isoenzyme was noted in three patients 


following our initial hyperthermia treatments. 
TABLE III 
OTHER ACUTE TOXICITY 

Toxicity No. of times recorded 
Joint pain 9 
Peripheral paraesthesiac 4 

i 4 
Faintness 2 
Burns 2 
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Subsequently, this enzyme was closely monitored 
following 30 treatments. In six instances a significant 
rise occurred, but this did not appear to relate to either 
intrapelvic or core temperatures recorded during 
treatment. We noted no effect on the other blood and 
serum parameters measured; 1n particular, there was no 
change in the coagulation studies or cardiac enzymes 
after treatment 


Response 

The assessment of response in these patients is 
difficult, not least because most patients were heavily 
pre-treated. Furthermore, patients received varying 
doses of radiation and a variable number and quality of 
hyperthermia treatments. Of the 20 patients, five have 
only recently finished treatment, leaving 15 assessable 
with a minimum follow-up of 2 months. Nine of these 
patients are alive between 2 months and | year after 
treatment. Six patients have died, four due to tumour 
progression. There has been one unexpected death in a 
patient with Stage III carcinoma of the cervix 4 weeks 
following treatment. The cause of death, although not 
clear, appeared to be renal failure due to ureteric 
obstruction by tumour and there would appear to be no 
reason to implicate the hyperthermia treatment. 

There has been a documented response of disease in 
sx patients. In four patents a greater than 50% 
reduction in tumour volume has been demonstrated by 
CT, with one further partial response on clinical 
examination. Complete disappearance of palpable 
disease occurred in one patient, although this was not 
documented by CT. In a further six patients discase has 
remained static for periods from 2 months to 1 year and 
in three patients disease could not be assessed. 

In view of the advanced nature of the disease in all 
patients, the main goal was symptom control. It is 
noteworthy in this context that in all patients a degree 
of palliation, such as reduction in haematuria and 
improved pain control, was achieved. Late toxicity is as 
difficult to assess as tumour response but does not 
appear to be any more marked, or different in nature 
from that which might be seen in any group of heavily 
irradiated patients. 


Alteration of power distribution 

The APA is designed to deposit energy maximally at 
the centre of the aperture, so that tumours positioned 
eccentrically within the pelvis may be difficult to heat. 
The ability to steer the region of maximum energy 
deposition would, therefore, be of great value Two 
methods of doing this are being investigated. Phantom 
experiments indicate that the maximum field strength is 
moved from posterior to anterior as the frequency is 
increased from 50 MHz to 70 MHz, with heating at the 
centre maximal at 60 MHz. Early clinical experience 
seems to confirm this. 

The effect of changes in phase and attenuation to 
separate quadrants of the APA have been modelled 

using CT data. This modelling technique has 


demonstrated how a change in phase to one quadrant 
will shift the maximum field strength away from the 
centre of the applicator. During treatments, phase 
changes may be effected by the addition of a variable 
length of coaxial cable supplying a quadrant, resulting 
in a shift of the maximum field strength toward that 
quadrant (Sathiaseelan et al, 1985). 

Figure 7 illustrates a clinical treatment where this 
technique was used in a patient with a pre-sacral 
recurrence of a rectal carcinoma. At the beginning of 
treatment the bladder temperature rose more quickly 
than that of the tumour. After 10 min the power was 
switched off, phasing cables inserted to shift the 
maximum field strength postenorly and the treatment 
restarted. It can be seen that preferential heating of the 
tumour was then achieved, resulting in a more 
satisfactory treatment. 


DISCUSSION 

The data presented confirm other studies 
demonstrating that the APA 1s capable of heating at 
depth within the pelvis. In this series of 67 treatments, 
temperatures in excess of 42°C were reached in 78% of 
treatments, but were difficult to maintain for a 
prolonged period due to the acute toxicity of the 
treatment. 

This toxicity, although marked and limiting 
treatment in the majority of cases, was usually of short 
duration. There has been no serious late toxicity. 
Assessment of response 1s difficult and was not the 
primary aim of this study. However, it is encouraging 
that there was palliation of symptoms in the majority of 
patients. 

It would be a great advantage to be able to steer the 
region of maximum heating toward the tumour-bearing 
area. Our initial studies on phase adjustment to achieve 
this are promising. If such steering proves reliable, 
treatments may be improved and toxicity reduced. 





Time aneoogim) 


Fig 7. Care 20. 
Treatment temperature profile demonstrating the use of 
phasing cables during treatment. 
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Pelvic regional hyperthermia is a time-consuming and 
labour-intensive procedure but is a feasible treatment 
modality. The synergism between radiation and hyper- 
thermia demonstrated for superficial lesions now needs 
to be confirmed for regional hyperthermia in 
randomised controlled trials. 
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Diagnons and Treatment of Carcinoma of the Cervix m 
Developing Countries. Ed. by R F. Mould and K. 
Tungsubutra, pp. 1x+ 349+ index, 1985 (Adam Hilger Lid, 
Bristol), £35.00. 

ISBN 0—85274-561—3 

This book is a report on the most recent meeting of the 
International Working Party held in Thailand in 1985. The 
Working Party, which meets in developing countnes every 2 
years, consists of a group of radiotherapists, gynaecologists, 
medical physicists and others with a specific interest. in 
common, that is the treatment of carcmoma of the cervix in 
developing countries The magnitude of this problem ts borne 
out by several of the papers grven at this meeting, as 
carcinoma of the cervix 1s the commonest cancer in women in 
Ama, Afnca and Latin America. For instance, out of every 
four patents with cancer in India, one will have cervical 
carcinoma The problem ıs not only one of numbers, there is 
also a lack of trained personnel, equipment and resources In 
addition, patients frequently are desperately poor and usually 
reside 10 rural areas with virtually no transport and, because of 
their ignorance of cancer, seek help only when tbey have 
advanced disease 

In order to improve this dismal picture, the International 
Atomic Energy Agency with the help of the World Health 
Organization and the Italian government have, on the bass of 
the work of the Working Party, set up a pilot project in Egypt 
to establish brachytherapy as a first step of a radiotherapy 
servico for countries in Ass and Africa that have no 
radiotherapy treatment centres at the present time. As the 
various papers point out, there are many problems, as the 
system used must be safe, simple enough to be carried out by, 
for instance, gynaecologists with no radiotherapy experience, 
and incorporate practica] dommetry to compensate for the 
absence of medical physicists. The Working Party has worked 
out techniques for the pilot project using the Amersham 
manual afterloading system. Other contributors detail expert 
ence with remote afterloading, which 1s ideal for use in those 
countnes where a large number of patients need to be treated 
by à minimum number of staff on an out-patient basis The 
work presented by these experts will be found helpful by all 
users of afterioading machines in regard to equipment, dosage, 
fractionation and the prevention of complications. 

In conclusion, I would recommend this book to radiothera- 
pists interested in carcinoma of the cervix as a world-wide 
problem and to users of remote mtracavitary afterloading 
machines who will find in it much useful information 

H. E LAMBERT 
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f ABSTRACT 

Eleven patients with intractable rheumatoid arthntis were 
treated with fractionated total lymphosd irradiation at a total 
dose of 20 Gy. Lasting improvement ın clinical symptoms was 
found in four patients during treatment and the remaining 
patients expenenced a sumar benefit within 2 months of 
irradiation, There was marked reduction in exacerbations and 
the number of joints involved. Morning stiffness, joint swelling 
and tenderness decreased Complications included severe 
fatigue dunng treatment and acute bacterial arthritis in 
multiple joints in one patient Four of the patients have since 
died, one of renal failure and another of cardiogenic shock 
following surgery 3 and 24 months after total lymphoid 
wradiation. Both had generalised amyloidosis. The third 
patient developed joint empyema and died of toxic cardiac 
failure The fourth died 3 months after resection of a Kaposi's 
sarcoma complicated by wound mfection which responded to 
treatment. Immunologicaly, total lymphoid irradiation 
resulted in suppression of the absolute lymphocyte count and a 
reduction in T-helper cells, while the number of T-suppressor 
cells remained unchanged These data provide evidence of T- 
cell involvement in the pathogenesis of rheumatoid arthntus 
Total lymphoid irradiation can induce sustained rmprovement 
in clinical disease activity, but severe, possibly fatal, side-effects 
cannot be ignored. 


Total lymphoid tradiation 1s an effective and reliable 
treatment modality for patients with Hodgkin's disease 
(Kaplan, 1980b). It leads to a lasting depression of 
various immunological parameters (Bobrove et al, 1975; 
Fuks etal, 1976; Kaplan, 1980a; Twomey & Rice, 
1980). Without chemotherapy it does not increase the 
nsk of bacterial infection or secondary haematological 
malignancies (Fuks et al, 1976; Kaplan, 1980b). 
Bobrove et al (1975) and Fuks et al (1976) demon- 
strated a reduction in cell-bound immunity after total 
lymphoid irradiation. A reduction in the T lymphocytes 
and their subpopulations persisting for more than 10 
years was observed in peripheral blood. The same 
groups investigated the immunosuppressive effect of 
total lymphoid irradiation 1n animals. In mice subjected 
to total lymphoid irradiation (17 fractions of 2.0 Gy 
each), rejection of skin grafts was greatly delayed 
(Slavin et al, 1976), and no graft-versus-host reactions 
developed following bone marrow transplantation 
(Gottlieb et al, 1980). 
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Unrversitatsstrasse 27, 8520 Erlangen, West Germany 


The immunosuppressive effect of total lymphoid 
irradiation having been established, further studies were 
done to determine its effect in autoimmune diseases. In 
mice with a lupus erythematoses-like disease subjected 
to total lymphoid irradiation, Kotzin & Strober (1979) 
observed a regression of glomerulonephritis and a 
prolongation of survival vis-à-vis controls. These results 
showing an ummunosuppressive effect of total lymphoid 
irradiation were supported by experiments done by 
Schurmann et al (1981) on rats with arthritis induced 
by Freund's adjuvant. The therapeutic results of total 
lymphoid irradiation were appreciably better than those 
obtained with irradiation of the joints alone. Combined 
joint and total lymphoid irradiation yielded the best 
results with respect to remission and late functional 
capability of these joints. 

The non-steroidal treatment of rheumatoid arthritis 
with anti-inflammatory agents, chloroquine derivatives, 
gold salts, and D-penicillamine is not always satisfac- 
tory. Immunosuppressive drugs and cytotoxic agents, 
such as cyclophosphamide, control the disease only in 
individual cases. 

Since it is well tolerated and has few side-effects, total 
lymphoid irradiation is considered by Strober et al 
(1981) and Trentham et al (1981) to be an alternative to 
cytotoxic therapy In their first pilot study, Strober et al 
(1981) treated the infradiaphragmatic lymph nodes, 
including the spleen, in patients with intractable 
rheumatoid arthritis, with a total dose of up to 40 Gy. 
In four out of six patients, they observed a distinct 
Improvement in joint symptoms (swelling, morning 
stiffness, mobility) and no serious side-effects (fatigue or 
nausea). 

In further studies, Strober et al (1983) examined the 
effect of a total lymphoid irradiation dose up to 20 Gy 
(considerably less than the dose used to treat Hodgkin's 
disease) in I! patients. Trentham et al (1981) studied 
the effect of total lymphoid irradiation with a dose of 
up to 30 Gy in I2 patients (Strober etal, 1981; 
Trentham et al, 1981; Strober et al, 1983; Brahn et al, 
1984). Strober et al considered a total dose of 20 Gy to 
be sufficient, after Gottlieb et al (1980) demonstrated 
better tolerance to alloantigens and had seen a 
prolongation of survival time in dogs and monkeys 
following total lymphoid irradiation. Subsequently, the 
Clinical results confirmed that total lymphoid irradia- 
tion with a 20 Gy dose is sufficient for immunosuppres- 
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sion. Whether a smaller dose produces the same effect 
has not yet been investigated clinically. 


METHODS 

In 1982 the Radio-oncology Department of the 
University of Erlangen-Nuremberg initiated an uncon- 
trolled study of patients with intractable rheumatoid 
arthritis treated with total lymphoid irradiation. Eleven 
patients (10 females and one male) with an average age 
of 66 (range 56—75) years were selected jointly with the 
Institute of Clinical Immunology and Rheumatology of 
the University. Patients' histories were between 7 and 
30 years long, with exacerbations varying in frequency 
and intensity. At the time of entry into the study, the 
patients had multiple joint involvement with swelling, 
synovitis and deformities. The patients were severely 
restricted in their ability to perform self-care and 
occupational tasks. 

Admittance to the study was contingent upon the 
patients meeting the same criteria as those applied by 
the Stanford (Strober et af) and Boston (Trentham 
et al) groups. 


(1) Advanced and intractable disease after unsuccessful 
long-term therapy using  non-steroidal  anti- 
rheumatic drugs, chloroquine derivatives, D- 
penicillamine and gold salts Some patients had 
already been subjected to chemotherapy without 
benefit. 

(2) Patients suffering from classic rheumatoid arthritis 
as defined by the criteria of the American 
Rheumatism Association (Ropus et al, 1958) 


Patients with evidence of visceral organ involvement, 
bacterial infections, anaemia, leucopenia and thrombo- 
cytopenia were not included. Patients younger than 50 
years were not entered into the study. Further critena 
of exclusion were impaired general health and severe 
chronic diseases such as tuberculosis and congestive 
heart failure. 

Prior to radiotherapy, the patients underwent a 
precise clinical and rheumatological examination. Apart 
from general laboratory investigations, including a 
differential blood count and serology, analysis of 
immune complexes was carried out. Peripheral blood 
lymphocyte subpopulations were determined with 
monoclonal antibodies Additionally, the in-vitro func- 
tions of the lymphocytes were studied by the 
lymphocyte transformation test after stimulation with 
mitogens. All examinations were repeated during and 
after therapy for a period of up to 18 months. The 
following list gives the separate clinical, laboratory and 
immunological examinations. 


Clinical: frequency of exacerbations, number of 
joints involved, drug consumption, self- 
care index, morning stiffness, joint 
swelling, joint mobility. 

Laboratory: erythrocyte sedimentation rate (ESR), 


serological tests of the liver (SGOT, 


SGPT, gamma GT, bilirubin) and kidney 
(urea, uric acid, creatinine, electrolytes), 
alkaline phosphatase, thyroid function 
tests (T3, T4) blood count and 
differential blood count. 

Rose-Waaler test, absolute lymphocyte 
count, T cells and their subpopulations 
(T-helper cells, T-suppressor cells), 
B cells and —circulaung immune 
complexes 


Immunology: 


Irradiation technique 

Total lymphoid irradiation was delivered by the 
technique described by Kaplan (19802) for the 
treatment of Hodgkin's disease with a 6 MV or 10 MV 
linear accelerator. At first, the supradiaphragmatic 
lymph nodes were irradiated with the “mantle field” 
including cervical, axillary, mediastinal and hilar lymph 
nodes in fractions of 2 Gy to a total dose of 20 Gy ın 2 
weeks Without interruption, treatment was then given 
to lymphoid tissue below the diaphragm by an “inverted 
Y” field (para-aortic, iliac and inguinal lymph nodes), 
which included the spleen, with the same fractionation 
scheme and total dose. Treatment was usually given five 
times per week. 


Clinical assessment 

Clinical disease activity was assessed on the basis of 
the activity index (Ropus et al, 1985) established by the 
American Rheumatism Association. This index covers 
duration of morning stiffness, extent of joint swelling, 
number of joints involved, and such laboratory 
parameters as ESR and haemoglobin levels. The 
maximum total score attainable is 30 points. 


RESULTS 

The success of total lymphoid irradiation was 
assessed on the basis of clinical, laboratory and 
immunological examinations, comparing the para- 
meters before treatment with those after therapy Out of 
11 patients, nine could be followed up for 6 months, six 
for 1 year and three for 18 months. 

Of nine patients followed up, the activity index rose 
in two, remained static in three, and dropped in four 
(Fig. 1). Two months after radiotherapy, the index fell 
in all patients. The higher value shown in Case 3 after 
18 months is probably attributable to a renewed 
increase in ESR, although clinically no reactivation of 
rheumatoid arthritis was observed. 

At the same time the daily dose of cortisone and anti- 
inflammatory drugs could be reduced. Of the laboratory 
parameters, the ESR proved to be very sensitive, and 
correlated best with the clinical course of rheumatoid 
arthritis. Elevated pre-treatment values dropped in the 
course of the first 6 months in seven out of nine patients 
after irradiation, without returning to within the normal 
range (Fig. 2). In three patients, the ESR increased after 
18 months in the absence of any clinical correlate. The 
significance of this remains unclear. 
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Of the serological tests, rheumatoid factors (Latex- 
Rose-Waaler test), liver parameters (SGPT, SGOT, 
gamma GT, bilirubin), kidney serology (urea, uric acid, 
creatinine, electrolytes), alkaline phosphatase, serum 
and immunoelectrophoresis, as well as the thyroid 
function parameters, remained unchanged. The haemo- 
globin level alone showed an increase. 

To assess the ummune reaction, peripheral-blood 
lymphocytes and their subpopulations (T-helper cells 
and T-suppressor cells) were studied with monoclonal 
antibodies and the rosette technique. During radio- 


Fig. Í. 
Changes in the activity index 
after total lymphoid iradı- 
tion The figure shows the 
evaluated data from nine 
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therapy, the absolute lymphocyte count dropped in all 
patients by roughly one half, to return again to the 
original levels after treatment. In contrast, the 
T lymphocytes increased again only slightly after the 
therapy-induced drop. The T-helper cells also decreased 
to about half their original number, and continued to 
decrease dunng follow-up. The T-suppressor cells 
remained unchanged during therapy and during follow- 
up. Thus, the T-helper cell: T-suppressor cell ratio 
dropped from 2:1 to 1: 1, due mainly to the reduction 
in T-helper cells (Fig. 3). 
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Fig 3. 
Changes in the absolute lymphocyte count, T cells, T-helper 
cells, T-suppressor cells and B cells in the peripheral blood 
after total lymphoid irradiation (TLI) Error bars show 
+1 SD. 


Side-effects and complications 

Treatment was well tolerated Fatigue, lassıtude and 
nausea were observed after irradiation, and were more 
pronounced than in patients with Hodgkin’s disease. 
They were, bowever, transient, and the patients 
recovered shortly after completion of treatment. 

Four of 11 patients died. In a female patient, 
haemorrhage of a recurrent duodenal ulcer, occurring 
after "mantle field" irradiation, made hospitalisation 
necessary She died 3 months later of renal failure 
caused by amyloidosis before irradiation to the 
infradiaphragmatic lymph nodes could be given. 
Another female patient required cholecystectomy and 
gastrostomy to treat a gallstone perforation. After 
successful surgery, the patient, who also had 
amyloidosis, died in a cardiogenic shock. This 
happened 2 years after total lymphoid irradiation. A 
third female patient developed an ulcer and had an 
acute gastric haemorrhage. During hospitalisation she 
developed an ulcer in the coccygeal region. An infection 
of the ulcer caused sepsis resulting in joint empyema 
that did not respond to antibiotic treatment. She finally 
died of left heart failure. The fourth patient had to be 
operated on for Kaposi’s sarcoma. Post-operatively, the 
patient developed a wound infection and an abscess 
which responded well to antibiotic therapy and 
drainage. Three months later the patient died of left 
heart failure. 

One patient developed bacterial joint infection in one 
shoulder and in one prosthetic knee. The infection was 
treated successfully. 


DISCUSSION 
In a non-randomised study, 11 patients with 
intractable rheumatoid arthritis were subjected to total 
lymphoid irradiation after unsuccessful basic therapy. 
In four patients the clinical symptoms improved during 
treatment. Two months after completion of treatment, 


symptoms had ımproved in all patients. The frequency 
of exacerbations had decreased, as had the number of 
Joints. involved. Morning stiffness, tenderness and 
swelling subsided and stabilised after 6 months, with an 
improvement in mobility. The consumption of 
analgesics and steroids also decreased. 

To date, 1n three patients the clinical improvement 
has remained static for more than 2 years. 

Total lymphoid irradiation was applied as described 
by the Stanford group. We used a dose of up to 20 Gy 
(5x2 Gy per week) (Stanford: 4x 1.5-2.2 Gy) 
administered without interruption via the “mantle 
field" and "inverted Y" within 4 weeks. The treatment 
tme used by the Stanford group was 5—6 weeks. In 
contrast, the Boston group delivered a total dose of 
30 Gy via the “mantle field”, a para-aortic field 
including the spleen and a pelvic lymph node field. 
Two-week intervals were observed between the series. 

The immunosuppressive effect achieved by the two 
groups was identical using 20 Gy and 30 Gy. Since the 
two patient groups were not identical, it 1s impossible to 
determine whether or not the patients receiving a dose 
of 30 Gy had a higher level of morbidity during the 
observation period compared with the patients treated 
with only 20 Gy. 

The general side-effects of radiotherapy in our 
patients were fatigue, lassitude and nausea, which were 
transient and tolerable. Two female patients died 3 
months and 2 years after completion of treatment, one 
of renal failure due to amyloidosis The other had an 
operation for a gallstone perforation and died in 
cardiac shock with underlying amyloidosis. Without the 
relevant experience, the question as to whether this 
mortality was an indirect consequence of radiotherapy 
remains unanswered. The third patient died of left heart 
failure with underlying diabetes mellitus, cachexia, 
coccygeal ulcer and unresponsive sepsis leading to joint 
empyema The fourth female patient died of left heart 
failure 3 months after removal of a Kaposi’s sarcoma 
complicated by wound infection and joint empyema 
which responded to antibiotics. 

Another female patient developed shoulder- and knee- 
Joint empyema at 4 and 26 months after total lymphoid 
irradiation, but responded well to antibiotics. 

The high mortality rate prompts a reconsideration of 
the value of total lymphoid irradiation and the 
indication. for it, and the establishment of more 
stringent patient selection criteria. Also, this therapy 
requires close follow-up of the patients, who must be 
informed about their weakened immune defences and 
increased susceptibility to infections, in order to avoid 
such incidents. 

In all “patients the absolute lymphocyte count 
dropped during and after therapy. While the percentage 
of T cells dropped, that of the B cells increased. 
Suppression of T lymphocytes with a reduction in T- 
helper cells, with T-suppressor cell levels remaining 
unchanged, reflects a modification in immunoreactivity 
after total lymphoid irradiation. In some patients, this 
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cell-bound immunosuppression persisted for up to 18 
months. Similar observations were made by the 
Stanford and Boston groups. 

Our results of a long-term immunosuppression after 
total lymphoid irradiation for advanced and intractable 
rheumatoid arthritis correspond to those of Strober 
et al (1981, 1983) and Trentham et al (1981). During 
and after treatment, a lasting improvement in clinical 
symptoms and the quality of life is seen. Nevertheless, 
total lymphoid irradiation of rheumatoid arthritis is still 
experimental. Randomised studies involving larger 
numbers of patients and critical patient selection are 
required in order to avoid increased morbidity and 
mortality after successful irradiation. 
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The Radiobiology of Radmm and Thorotrast Ed. by W. 
Gdasner, G B Gerber, U Hagen and A Luz, pp 210, 1986 
rae and Schwarzenberg, Munich, Wien, Baltimore), 
DM 118. 

ISBN 3—541-70511-6 (Munich) 

0—8067—0511—6 (Baltimore) 

This book reports the 38 papers given at a symposium held at 
Neuherberg m 1984 It is important because it contains the 
latest and most comprehensive statement on the effects on man 
of radioactivity incorporated in his body: 77°Ra and ??*Ra in 
the so-called "radium-poisoning" cases in the USA and some 
in the UK, ??^Ra in German patients treated for ankylosing 
spondylitis, and ??Th in “Thorotrast” cases in Germany, 
Denmark, Japan and the USA. 

The book opens with a review paper by Mole on leukaemia 
induction in man by radionuclides, which includes data on the 
above radionuclides together with some on low linear energy 
transfer radiations, as well as on external irradiation with 
X rays, y rays and neutrons The second paper, by Rundo and 
his colleagues, 1s a comprehensive summary of the data 
available on radium cases in the USA, now totallmg over 5000. 
The third paper, by Baverstock and Papworth, deals with the 
much smaller number, about 1000, of UK radium luminisers. 
The next six papers, by Spiess, Mays, Góssner and their co- 
Workers, give the full present picture of the work on the 899 
German *7*Ra cases, including data on growth retardation, 
cataracts and tooth breakage as well as on bone tumours and 
haemopoietic effects. There are eight papers on Thorotrast 
studies, showing a renewed interest ın the late effects of the use 
of this radiological contrast medium aince the early Danish 
studies by Faber, and some retrospectively study considerable 
numbers of cases. 

Almost half the total number of papers cover miscellaneous 
topics, many involving animals, which are, nevertheless, 
relevant to the study of radium and thorium in humans, 
especially m bone These papers include investigations of the 
distribution and metabolism of bone-secking radionuclides 
and their dosimetry 

The book is essentially for the expert, for whom it contains a 
wealth of information. It 1s of considerable interest, however, 
to all those concerned with the effects of j0nunng radiations on 
man, because of the factual information it contains on the only 
groups of human beings known to have suffered deleterious 
effects of internally absorbed radionuchdes It will be a 
valuable addition to the radiation literature of many 
departmental hbranes and of personal interest to the specialist 
studying the bone-seeking radionuclides. 

F W Spiers 
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ABSTRACT 

A reassessment of the composition data grven by ICRP (1975) 
has been completed, augmented with results from appropriate 
recent studies. The water, lipid, protein, carbohydrate and ash 
contents, together with elemental compositions, mass and 
electron densities are given here for 56 body tissues. Seven 
tissucs (adipose tissue, heart, kidney, liver, mammary gland, 
muscle—skeletal and skin) had sufficient measured data to 
enable the spread in the results to be evaluated All the 
compositions presented apply to healthy, adult humans, except 
for some new material on the bones of children. 


The need for reliable composition and density data of 
body tissues is a prerequisite in theoretical dosimetry 
involving radiation interactions in humans. Such data 
are also essential if realistic tissue substitutes are to be 
formulated for radiation measurements with phantoms. 
In both instances, uncertainties in the elemental composi- 
tions and mass densities of the body tissues under 
investigation will lead to reduced confidence in the 
relevance of the calculated and measured doses. 

Uncertainties in the elemental composition of a body 
tissue may affect the dosimetry of low- and high-energy 
photon and particulate radiations. The concentrations of 
high-atomic-number elements (Z > 8) in a tissue will 
strongly influence photoelectnc absorption, while 
hydrogen content will affect Compton scattering 
Differences 1n mass attenuation coefficients in excess of 
10% have been reported between soft tissues (White, & 
Fitzgerald, 1977). In fast-neutron dosimetry the 
importance of hydrogen 1s well established, with a 196 
deviation in the total hydrogen content of soft tissue 
producing a 10% change in kerma (International 
Commission on Radiation Units and Measurements 
(ICRU), 1977). 

The importance of reliable body tissue compositions 
in radiation dosimetry was realised over 20 years ago, 
when ICRU (1964) published elemental data for 
striated muscle and compact bone. These compositions 
have been widely used, especially the former, which is 
often referred to as “ICRU muscle” In 1975, the 
International Commussion on Radiological Protection 
(ICRP) published, in a report on “Reference Man”, 
comprehensive elemental data on over 80 organs, 
tissues and tissue components (ICRP, 1975). Unfortun- 
ately, errors and inconsistencies exist within these data; 
for example, over 20% of the compositions quoted had 
mass discrepancies exceeding 5% (White & Fitzgerald, 
1977). 

The elemental composition of a body tissue is 


dependent upon the relative amounts and compositions 
of the various substances (water, lipid, protein, 
carbohydrate, minerals) which make up the tissue. The 
literature reveals significant variations between normal 
persons in the composition of certain body tissues 
(adipose tissue, heart, kidney, liver, muscle—skeletal, 
skin). Conversely, some body tissues (cortical bone, 
erythrocytes) exhibit small variations between 
individuals. 

In this study, three sources of composition data have 
been considered. Firstly, the published analyses quoted 
in Reference Man have been reassessed in order to 
eliminate anomalies. Secondly, computer-assisted 
searches of the literature covering the period 1966—85 
yielded a surprisingly small number of additonal useful 
data. Thirdly, these results were supplemented by 
unpublished measurements undertaken on selected 
body tissues during the past 30 years by one of the 
authors (H Q W.). 

Collating data from different authors has its 
problems as the tissue specimens may be handled in 
different ways. In particular, some use fresh tissue, 
others use material which is dehydrated, defatted or 
otherwise manipulated. Considerable effort has been 
made in this study to detect and correct such 
regularities in order to obtain a reliable and consistent 
set of results. 

Results for 56 body tissues are presented here. 
Whenever sufficient data are available, the results for 
tissues known to vary between individuals are quoted as 
mean+1 standard deviation. Single compositions are 
given for the remaining tissues. Mass and electron 
densities are tabulated for all of the body tissues 
analysed. 

Unless otherwise the compositions 
presented in this paper apply to healthy, adult humans 


MATERIALS AND METHODS 
Before the analytical techniques used in this study are 
discussed, 1t is important to describe clearly the selected 
body tissues, as much confusion has been caused in the 
past by ambiguous descriptions. Sources of composition 
data will be given at the end of each brief descnptive 
passage. 


Adipose tissue 

This 1s composed of a protein matrix supporting cells 
(adipocytes) highly specialised for the storage of lipid, 
which is a mixture of the triglycerides of various long- 
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Fig. | 
Plots of lipid components versus ash, protein and water 
components for adipose tissue Plotted data: 1, Mitchell et al, 
1945, 2, Forbes et al, 1953, 3, Forbes et al, 1956; 4, Entenmen 
et al, 1958; 5, Pawan & Clode, 1960; 6, Thomas, 1962; 7, 
Morse & Soeldner, 1963; 8, Baker, 1969, 9, Woodard, 1986. 


chain fatty acids. Adipose tissue, often erroneously 
referred to as “fat”, makes up some 18% and 29% by 
mass in the male and female, respectively Data from 
nine sources are shown graphically in Fig. 1. (Addi- 
tional information was obtained from. Keys & Brožek, 
1953; Dju et al, 1958; Morse & Soeldner, 1965; 
Martinsson, 1967.) 


Adrenal gland 

These two small endocrine glands are just above 
and attached to the kidneys. The tissue of medulla 
produces adrenalin; that of the cortex produces several 
steroid hormones. No distinction is made here in the 
composition of these two tissues. Available data are 
sparse (Dju et al, 1958, Long et al, 1961; Tipton & 
Cook, 1963; Slater et al, 1964; Eisenstein, 1967) 
Aorta 

This major artery in the body is a contractile, 
muscular tissue, important radiologically because it 
often develops calcified plaques in the intima. Available 
composition data are again sparse (Kirk, 1962; Tipton 
& Cook, 1963, Woodard, 1986). 


Blood 

The composition of erythrocytes, the major formed 
elements in the blood, varies little with health Plasma, 
the non-cellular element ın circulating blood, normally 
contains 6.2-7.896, by mass, of protein and numerous 
electrolytes whose concentrations are kept nearly 
constant by powerful homeostatic mechanisms. The 
composition is dominated by the high water content. 
Whole blood was assumed to comprise 45% erythro- 
cytes and 55% plasma, by volume (Neufeld, 1937, 
Albntton, 1952; Houssay et al, 1955; Altman & 
Dittmer, 1961; Long et al, 1961; Oser, 1965, Wintrobe, 
1967; Tandon et al, 1978; Wootton & Freeman, 1982). 


Brain 

Cerebrospinal fluid bathes the neurological structures 
in the brain and spinal cord. It is not an ultrafiltrate of 
plasma but is a special secretion. There are two types of 
tissue in the brain. White matter contains much more 
lipid than grey matter. The lipids are the most 
distinctive constituents and are of several types. Some 
of these are present ın combinations with proteins or 
carbohydrates and are not always distinguished in 
chemical analyses, resulting in variations of up to 10% 
in reported lipid content. In this work it has been 
assumed that the lipids of the brain were (by mass) 50% 
sphingomyelin, 25% cerebroside and 25% cholesterol 
(Fieser & Fieser, 1963). Data from seven sources were 
used (Himwich & Himwich, 1957; Mcllwain, 1959; 
Altman & Dittmer, 1961; Long et al, 1961; Diem, 1962; 
Widdowson & Dickerson, 1964; Fillerup & Mead, 
1967) 


Connective tissue 

This is made up of tendons, fascia and penarticular 
tissue. As information on humans is lacking, the 
composition adopted was based on the tendons of cattle 
(Oser, 1965), 


Eye lens 

The transparent, biconvex, semisolid body in the eye 
does not have a blood supply. The mass density 
increases with age and a value appropriate for a 40- 
year-old was accepted (Scammon & Hesdorfler, 1937, 
Spector, 1956; Long et al, 1961). 


Gallbladde: 

In the absence of any definitive information, the wall 
of the gallbladder was assumed to be the same as 
muscle—skeletal. The secretion bile has a high water 
content, with small quantities of cholic acid and mucin 
(Oser, 1965). 


Gastrointestinal tract 

Intestinal wall, oesophagus and stomach were con- 
sidered. The composition of the oesophagus, a muscular 
tube extending from tbe pharynx to the stomach, was 
assumed to be the same as that for muscle—skelketal. The 
intestinal wall and the stomach have similar composi- 
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tions, with the rapidly metabolising intestines containing 
a higher proportion of water but a lower protein 
content (Neufeld, 1937; Mitchell et al, 1945; Forbes et 
al, 1953, 1956; Tipton & Cook, 1963; Eve, 1966; 
Saunders et al, 1966) 


Heart 

The published data for the mass of heart muscle and 
the volume of blood before contraction are variable. It 
is well known that cardiac output and size change 
markedly with activity in healthy individuals and the 
baseline values are altered in disease. Compositions for 
the heart with and without blood were derived, 
assuming that the blood-filled heart comprises (by 
' mass) 40% heart tissue and 60% whole blood (Mitchell 
et al, 1945; Friedman, 1951; Forbes et al, 1953, 1956; 
Spector, 1956; Dju et al, 1958; Dittmer & Grebe, 1959; 
Widdowson & Dickerson, 1960, 1964; Tipton & Cook, 
1963). 


Kidney 

The kidney is composed of two types of tissue, the 
cortex and the medulla, which have different metabolic 
functions The considerable volume in the central part 
of the organ 1s occupied by collecting ducts. The data 
reported here are average values for the cortex and 
medulla without the ducts (Neufeld, 1937; Mitchell et al, 
1945; Forbes et al, 1953, 1956; Spector, 1956; Long et 
al, 1961; Diem, 1962; Tipton & Cook, 1963). 


Liver 

This large organ, which is made up of several cell 
types, has multiple functions. It takes up simple 
compounds from the blood and the chyle and synthesises 
albumin and complex lipids. These products are stored 
temporarily and then released into the circulation. 
Hence, the protein and lipid content of the liver is 
higher a few hours after a meal than after a fast. In 
disease, either the protein or the lipid content may 
increase. These conditions probably account for much 
of the variability in the reported liver compositions. 
Composition data were available from 14 sources 
(Neufeld, 1937, Mitchell et al, 1945, Hildes et al, 1949; 
Widdowson et al, 1951; Forbes et al, 1953, 1956; 
Spector, 1956; Dju et al 1958; Widdowson & 
Dickerson, 1964; Long et al, 1961; Diem, 1962; Tipton 
& Cook, 1963; Jorulf, 1975; Ikawa et al, 1983) 


Lung 

At any time during life nearly half of the mass of a 
lung is made up of blood circulating in the vessels. The 
average composition of lung tissue, parenchyma, 1s very 
similar to that of whole blood, but the distribution of 
radionuclides in the two substances may be very 
different. Hence, the compositions of khung parenchyma 
and lung—blood-filled are listed separately here. The 
composition of the latter 1s taken to be, by mass, 57% 
parenchyma and 4394 whole blood. The considerable 
variation in water content due to disease probably 
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Plots of water components versus ash, lipid and protein 

components for muscle—skeletal Plotted data: 1, Mitchell et 

al 1945, 2, Forbes et al, 1953, 3, Forbes et al, 1956; 4, 
Mcllwain, 1959. 5, Fomon, 1966 


contributes to the spread in the published compositions 
for this organ (Neufeld, 1937; Mitchell et al, 1945; 
Forbes et al, 1953, 1956; Cander & Forster, 1959; 
Fowler & Young, 1959; Diem, 1962; Tipton & Cook, 
1963; Widdowson & Dickerson, 1964). 


Lymph 

Described as “blood without its red corpuscles” 
(Oser, 1965), the composition adopted for blood plasma 
was used. 


Mammary gland 

These glands are embedded in, but separate from, a 
large mass of hormonally controlled adipose tissue. The 
glands themselves contain considerable specialised lipid. 
The data here are the means of seven specimens from 
post-menopausal women. No data are available from 
lactating glands (Hammerstein et al, 1979; Woodard, 
1986). 


Muscle—skeletal 

Skeletal or striated muscle comprises (by mass) 
approximately 40% of the normal adult male and 3094 
of the female. The tissue consists primarily of 
specialised contractile celis, but also contains variable 
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amounts of fascia and other connective structures, 
blood vessels, lipid and interstitial fluid. The amounts of 
these secondary components relative to the contractile 
celis may vary considerably, even in health. Composi- 
tion data from five sources are shown graphically in 
Fig. 2 (Additional information was obtained from: 
Neufeld, 1937; Hildes et al, 1949; Dju et al, 1958; Diem, 
1962; Tipton & Cook, 1963; Widdowson & Dickerson, 
1964.) 


Ovary 

Compositions from five published sources were 
considered for this female reproductive organ (Neufeld, 
1937; Block, 1951; Spector, 1956; Long et al, 1961; 
Tipton & Cook, 1963). 


Pancreas 

This 1s a large endocrine gland whose main function 
is the production of insulin (Neufeld, 1937; Mitchell et 
al, 1945; Forbes et al, 1953; Tipton & Cook, 1963). 


Prostate 

This is the main source of seminal fluid in the male; it 
has a tendency to hypertrophy in later life and may 
reach 2-3 times its normal volume (Spector, 1956, 
Tipton & Cook, 1963). 


Skeleton 

The principal components of the skeleton, namely 
cartilage, cortical bone, red and yellow marrow and 
spongiosa, were reviewed recently by the authors 
(Woodard & White, 1982). The compositions given in 
the review have been updated here in the light of further 
investigations (Woodard, 1986). 


Skin 

The skin is composed of two distinct layers, the 
epidermis and the dermis, together with an ill-defined 
connective-tissue layer, the hypodermis, which blends 
into the adipose tissue. The layers are difficult to 
separate and each varies with age, sex and race and 
between different parts of the body of the same person. 
The difficulty of separating the layers, together with the 
variability between individuals, contribute to the wide 
range of reported compositions (Mitchell et al, 1945; 
Forbes et al, 1953, 1956, Rothman, 1954; Spector, 1956, 
Diem, 1962; Tipton & Cook, 1963; Widdowson & 
Dickerson, 1964; Brincat et al, 1983; Woodard, 1986). 


Spleen 

The size and composition of the spleen, which in the 
healthy adult stores, recycles or destroys 
varies with its physiological activity (Neufeld, 1937; 
Widdowson et al, 1951; Forbes et al, 1953, 1956; 
Spector, 1956, Diem, 1962; Tipton & Cook, 1963). 


Testis 
Composition data are sparse for this male reproduc- 
tive organ (Neufeld, 1937; Tipton & Cook, 1963). 


Thyroid 

This gland, whose main function is the elaboration of 
the hormones triiodothyronine and tetraiodothyronine, 
contains considerable deposits of the specialised 
protein, thyroglobulin. Where intake of iodine is 
deficient, the gland may increase to many times its 
normal mass (Neufeld, 1937; Shohl, 1939; Long et al, 
1961; Tipton & Cook, 1963; Widdowson & Dickerson, 
1964; Goldberg et al, 1968). 


Trachea 

This major airway contains rings of cartilage whose 
function is to keep it open, alternating with muscle and 
connective tissue. In the absence of reliable data, the 
trachea was assumed to be composed of 90% muscle— 
skeletal and 10% cartilage, by mass. 


Urinary bladder 

This muscular sac lined with mucosa acts as a 
reservoir for urine. It is highly distensible, with its 
volume varying typically from 30 cm? to 220 cm?. The 
wall of the bladder was taken to be the same as 
musck—skeletal. Urine is predominantly water, with 
small quantities of urea and other electrolytes (Oser, 
1965). Published values for mass, volume and wall 
thickness were not self-consistent. Hence, from an 
estimate of the bladder contents in intravenous 
pyelograms in which the bladders appeared normal, a 
mean wall mass of 60g was established and urine 
volumes of 33.5 ml and 212 ml for the contracted and 
distended bladder, respectively. From these data the 
elemental compositions of the empty and filled bladder 
were derived. 


In addition to the references cited for these body 
tissue compositions, note has been taken of the 
interpretations given by ICRP (1975) and the informa- 
tion reported by Kerr (1982). 

For each body tissue the analytical. procedure 
adopted for arriving at a satisfactory composition was 
as follows: 


(i) A set of data was compiled for the contents 
(20.199 by mass) of water, lipid, protein, 
carbohydrate, ash or other components in the 
given body tissue. 

(ii) Sumilarly, the concentrations (30.1% by mass) 
of elements with Z > 8 were compiled. 

(ii) Data obviously from diseased tissues or those 
derived from paediatric sources were eliminated. 

(iv) For more than five sets of reliable data, the co- 
relationships between different components were 
derived graphically (Figs 1, 2). This is illustrated 
for adipose tissue and muscle—skeletal. This 
enabled three sets of compositions to be calcu- 
lated once the mean (M) and standard deviation 
(c) were established, that is the compositions 
appropriate to M —o, M and M +o. 

(v) For all other sets of data, only a single (mean) 
composition was established. 
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(vi) The derived composition was corrected to 10094 
mass by allocating any missing mass to the major 
(> 75%) component, or proportionally between 
two major components when each were « 75%. 
Excess mass was corrected in the same fashion. 
Generally, these corrections were within the 
reported variations ın the major component(s). 

(vii) The elemental composition was then calculated 
from the elemental compositions of the com- 
ponents. Minor rounding errors were generally no 
more than 0.1% by mass and were attributed to 
the major component. 

(viii) The mass density was derived from the mass 
proportions and-mass densities of the components 
(Fomon, 1966). This value was usually within 2% 
of the mean mass density derived from published 
measured values. 

(ix) Mass and volume electron densities (el.kg ' and 
el.mn^?) were then calculated from the elemental 
atomic weights, Avogadro's number 
(6.022045 x 107° kmol ^!) (Handbook of 
Chemistry and Physics, 1982) and the accepted 
mass density of the body tissue. 


RESULTS 
The results of the analyses are given in Tables I-III 
The amounts (%, by mass) of water, lipid, protein 
and other components in each body tissue are listed in 
Table I. Certain components, such as the carbohydrate 


chondroitin sulphate, the lipid sphingomyelin and 
protein, contain elements with Z > 8. The remaining 
high-atomic-number elements that have been reported 
are included as “minerals” in parentheses beside the ash 
content in the sixth column of Table I. These values are 
often less than the ash contents. 

Whenever the available data for a body tissue 
permitted the spread in the compositions to be 
calculated, the resulting three compositions are 
presented as Nos 1, 2, 3, referring to values derived 
from M—o, M and M +0, respectively. 

The elemental compositions of the body tissue 
components are given in Table II. Three types of 
carbohydrate (chondroitin sulphate, monosaccharide and 
polysaccharide) and four types of lipid (cerebroside, 
cholesterol, glycerol trioleate and sphingomyelin) have 
been used. 

Table III hsts the elemental composition (%, by 
mass), mass density, volume and mass electron 
densities of each body tissue. Gallbladder wall, 
gastrointestinal tract—oesophagus and urinary bladder 
wall are not included as the composition of muscie— 
skeletal was accepted as being representative of these 
tissues. Lymph is also omitted from the table because of 
its similarity to blood plasma. 


DISCUSSION 
The tabulated elemental data given bere for body 
tissues represent a reassessment and updating of the 


TABLE I 
WATER, LIPID, PROTEIN AND ASH COMPONENTS OF THE BODY TISSUES CONSIDERED IN THIS STUDY 
Body tissue Percentage by mass 
Water Lipid Protein Other Ash (minerals*) 

Adipose tissue | 30.5 61.4 79 — 0.3 (0.2) 

Adipose tissue 2 212 74.1 44 — 03 (03) 

Adipose tissue 3 11.4 87.3 1.0 — 03 (0.3) 

Adrenal gland 58 1 26.0 15.5 — 0.5 (0.4) 

Aorta 72.1 1.8 25.0 1.4 (1.1) 

Blood—erythrocytes 64.0 0.5 34.7 0.1 11 (0.7) 
(monosaccharide) 

Blood—plasma 919 0.7 6.6 01 1.0 (0.7) 
(monosaccharide) 

Blood—whole 79.0 0.6 19.6 0.1 0.9 (0.7) 
(monosaccharide) 

Brain—cerebrospinal 99 0 — — 0.1 0.9 (09) 

flund (monosaccharide) 

Brain—grey matter 82.6 5.31 10.0 1.0 1.5 (1.1) 
(monosaccharide) 

Brain—white matter 68.5 18.1t 11.5 1.0 1.4 (0.9) 
(monosacchande) 

Connective tissue 60.4 10 36 6 0.9 1.3 (1.1) 
(monosaccharide) 

Eye lens 64 1 20 33 6 — 0.4 (03) 

Gallbladder—wall As muscle—akeletal 

Gallbladder—bile 88.4 0.9 04 5 4 (cholic acid) 0.9 (0.8) 
4.1 (mucin) 


1213 


VoL. 59, No. 708 
H. Q. Woodard and D. R. White 





TABLE I—contomed 
Body tissue Percentage by mass 
Water Lipid Protein Other Ash (minerals*) 
GI tract—amall intestine 80.6 5.9 13.0 — 0.7 (0.5) 
(wall) 
GI tract-—oesophagus As muscle—skeictal 
GI tract-——stomach 76.3 6.2 17.0 — 0.8 (0.5) 
Heart | 71.0 10.0 18.2 — 0.9 (0.8) 
Heart 2 75.9 62 17.1 — 0.9 (0.8) 
Heart 3 80.9 2.4 15.9 — 0.9 (0.8) 
Heart—blood-filled 71.7 2.8 18.6 0.1 0.9 (0.8) 
(monosaccharide) 
Kidney | 723 6.9 19.9 0.9 (0.9) 
Kidney 2 76 6 4.8 17.7 0.9 (0.9) 
Kidney 3 80 5 28 158 0.9 (0.9) 
Liver | 72.8 7.8 16.1 22 1.2 (11) 
(polysaccharide) 
Liver 2 74.5 46 17.6 2.2 1.2 (1.1) 
(polysaccharide) 
Liver 3 75.6 1.5 19.6 22 1.2 (LI) 
(polysaccharide) 
80.6 1.3 17.1 — 1.1 (1.0) 
Lung—-blood filled 79.8 1.0 18.2 — 1.0 (1.0) 
Lymph As blood—plasma 
Mammary gland | 30 2 56.2 13.3 — 0.4 (0.3) 
Mammary gland 2 51.4 30.9 17.4 oo 04 (0.3) 
Mammary gland 3 72.6 5.6 21:3 — 0.4 (0.3) 
Muscle—skeletal | 70 0 68 21.3 10 1.0 (0.9) 
(polysaccharide) 
Musclo—skeletal 2 74.1 4.2 19.8 1.0 1.0 (0.9) 
(polysaccharide) 
Muscle—skeletal 3 78 6 1.6 17.9 0 1.0 (0.9) 
(polysaccharide) 
Ovary 82.8 2.3 14.0 — 1.0 (0.9) 
Pancreas 73.3 12.8 13.1 — 12 (0.8) 
Prostate 83.3 12 150 — 1.1 (0 5) 
Skeleton—cartilage 750 — 110 110 3.0 (30) 
(chondroitin 
sulphate) 
Skeleton-—cortical bone 122 — 24 6 52 58.0 (58.0) 
(monosaccharide) 
Skeleton—red marrow 39.7 39.7 20 0 — 0.6 (0.6) 
Skeleton—-spongiosa As 33% skeleton—cortical bone +67% marrow, by mass 
(marrow assumed to be 50% red marrow + 50% yellow marrow) 
Skeleton—yellow marrow 15.3 80 4 40 — 0 5 (0.3) 
Skin 1 58.6 13.5 27.2 — 07 (07) 
Skin 2 65.3 9.4 24.6 — 0.7 (0.7) 
Skin 3 72.1 52 22.0 — 0.7 (0.7) 
Spleen 78.7 18 18.6 — 13 (0.9) 
Testis 82 7 45 12.0 — 11 (0.8) 
Thyroid 78.4 44 140 2.5 1.1 (0.7) 
(monosaccharide) 
Trachea As 9094 muscle—skeletal + 10% cartilage (by mass) 
Urinary bladder—wall As muscle—«skeletal 
Unnary bladder—urine 96.3 — — 2.4 0.9 (1.3) 
(urea) 
Urinary bladder—empty As 66% muscie—askeletal + 3494 urine, by mass 
Unnary bladder— filled As 22% muscle—skeletal+ 78% urine, by mass 
*Includes elements with Z > 8 


tLipid in brain assumed to be 50% sphingomyelin + 25% cerebromde+25% cholesterol, by mass. 
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Carbohydrate—chondroitin sulphate 


Carbohydrate—monosaccharide 


Carbohydrate—polysaccharide 


Cholic acid 
Lipsd—cerebroside 
Lipsd—cbholesterol 
Lipid— glycerol tnoleate 
Lipid—sphingomyelin 


Urea 
Water 
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Elemental composition (% by mass) 
H(4.6), C(36.6), N(3.0), O(48.8), S(7.0) 


H(6.7), C(40.0), 053.3) 
H(6.2), C(44 5), O(49.3) 


HQ 9), C(70.5), O(19.6) 


H(9.8), C(63 5), N(3.0), O(23.7) 


H(12.0), C(83.9), O(4.1) 
H(11.8), C(77.4), O(10 


8) 
H(11.7), (68.9), N(3.9), O(11.2), P(4.3) 


H(4.8), C(34 3), O(60 9) 


H(6.6), C(53.4), N(17.0), O(22.0), S(1.0) 


H(6 7), C(20.0), N(46.7), 026.6) 


H(11.2), O(88.8) 


The elemental compositions quoted for carbohydrates, lrpsds and protema are the averages of variable biological substances. 





Body tissue 





TABLE III 


THE ELEMENTAL COMPOSITIONS OF THE BODY TISSUES 


Elemental composition (% by mass) 


H C N O Elements with Z > 8 


11.2 51.7 13 
114 59.8 0.7 
11.6 68.1 02 
10.6 28.4 26 


9.9 
9.5 
108 
102 


14.7 4.2 
190 59 
4.1 11 
11.0 33 


lil— — 


10.7 
10.6 


95 1.8 
19.4 2.5 


9 4 20.7 6.2 


96 
10.8 
10.6 


10.4 


103 
10.4 
10.4 
10.3 
10.2 
10.3 
104 
19.3 
10.2 
10 1 
10.3 
10.3 


19.5 5.7 
61 0.1 
115.22 


139 2.9 


17.5 3.1 
13.9 2.9 
10.3 27 
121.32 
16.0 3.4 
13.2 3.0 
106 27 
156 2.7 
13.9 3.0 
12.6 33 
101 2.9 
10.5 3.1 


35.5 Na(0.1), S(0.1), CI(0.1) 

27.8 Na(0.1), S(0.1), C1(0.1) 

19.8 Na(0.1), S(0.1), C(0.1) 

57.8 P(0.1), 8(0.2), CI0.2), K(0.1) 

69.8 Na(0.2), P(0.4), S(0.3), K(0.1), Ca(0.4) 

64 6 P(0.1), S(0.3), C(0.2), K(0 3), Fe (0.1) 

83.2 Na(0.3), S(0 1), C10 4) 

74.5 Na(0.D), P(O D), S(0.2), C(0.3), K(0.2), Fet0.1) 
88.0 Na(0.5), CI(0.4) 


767 Na(0.2), P(0.3), S(0.2), CI(0 3), K(0.3) 
66 1 Na(0.2), P(0.4), S(0 2), CI(0 3), K(0 3) 
62.2 Na(0.6), S(0.6), C(0.3) 

64.6 Na(0.1), P(0 1), S(0.3), C1O.1) 

82.2 Na(0.4), Ci(0.4) 

75.1 Na(0 1), P(0.1), S(0.1), C(0.2), K(0 1) 


72.1 Na(0.1), P(0.1), $(0.2, CY0.D, KO 2) 


68.1 Na(0.1), P(0.2), S(0.2), CI(0.2), K(0.3) 
71.8 Na(0.1), P(0.2), S(0.2), C(0.2), K(0.3) 
75.6 Na(0.1), P(0.2), S(0 2), C(0.2), K(0.3) 
73.4. Na(0 1), P(0.1), S(0.2), C0.3), K(0.2), Fe(0.1) 
69.3 Na(0.2), P(0.2), S(0.2), C1(0.2), K(0.2), Ca(0.1) 
72.4 Na(0.2), P(0.2), S(0 2), CO 2), K(0.2), Ca(0.1) 
75.2 Na(0.2), P(0.2), S(0 2), C(0.2), K(0.2), Ca(0.1) 
70.1 Na(0 2), P(0.3), S(O 3), CI(0.2), K(0.3) 
71.6 Na(0.2), P(0.3), S(0 3), C1(0.2), K(0.3) 
72.7 Na(0.2), P(0.3), S(0.3), CI(0.2), K(0.3) 
75 5 Na(0 2), P(0 2), S(0.3), CO 3), K(0.2) 
74.9 Na(0 2), P(0.2), S(0 3), CI(0.3), K(0.2) 
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Densities 
Mass Electron 
kg m~* e.kg ! ei. m^? 
xipi x 10974 
970 3.342 3241 
950 3.347 3180 
930 3.353 3118 
1030 3.324 3424 
1050 3.304 3469 
1090 3.29] 3588 
1026 3.330 3417 
1060 3.312 3511 
1010 3.339 3373 
1040 3.327 3460 
1040 3324 3457 
1120 3.288 3683 
1070 3.295 3525 
1030 3330 3430 
1030 3.325 3424 
1050 3319 3485 
1050 3315 3481 
1050 3.318 3484 
1050 3318 3484 
1060 3.315 3514 
1050 3.312 3478 
1050 3315 3481 
1050 3.318 3484 
1050 3315 3480 
1060 3312 3511 
1070 3.309 3541 
1050 3.315 3481 
1050* 3.315 3481 
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TABLE III —contmued 
Body tissue Elemental composition (9& by mass) Densities 
Mass Electron 
H C N O Elements with Z > 8 kg m”? el kg ! elm? 
x 197 x 1078 
Mammary gland | 109 506 2.3 35.8 Na(0.1), P(0 D), S(0 D, CI(0 D 990 3333 3299 
Mammary gland 2 106 33.2 3.0 527 Na(0.1), P(0.D, S(0 2), CI(0.1) 1020 3324 3391 
Mammary gland 3 10.2 158 37 69.8 Na(0.1), P(0 1), SCO 2), CI(0.1) 1060 3313 3512 
Muscie—akeletal | 10.1 17.1 36 68.1 Na(0 D, P(O 2), (0.35, CI(0.1), K(0.4) 1050 3.309 3475 
Muscle—skeletal 2 10.2 143 34 71.0 Na(O 1), P(0.2), S0 3), CI(0.D), K(0 4) 1050 3312 3478 
Muscle—askeletal 3 102 11.2 30 74 5 Na(0 1), P(0 2), S(0 3), CI(0.1), K(0.4) 1050 3.312 3478 
Ovary 105 9324 768 Na(0 2), P(0 2), S(0 2), CI(0.2), K(0 2) 1050 3321] 3487 
Pancreas 106 169 22 69.4 Na(0 2), P(0 2), S(0 D, C1(0.2), K(0 2) 1040 3.324 13457 
Prostate 10.5 8925 77.4 Na(0.2), P(0.1), 80.2), K(0 2) 1040 3.322 3455 
Skeleton—cartilage 96 9922 744 Na(0 5), PQ 2), S(0.9), C1(0.3) 1100 3292 3622 
Skeleton—cortical bone 3.4 15.5 4.2 435 Na(0.1), Mg 2), P(10.3), S(0.3), Ca(22 5) 1920 3.100 5952 
Skeleton—red marrow 105 41.4 3.4 439 P(0.1), S0 2), CI(0.2), K(0 2), Fe(0.1) 1030 3.321 3420 
Skeleton—spongiosa 8.5 404 2.8 367 Na(0 1), Mg(0 m 4), S(0.2), C0 2), K(0 1), 1180 3258 3844 
.4), Fe(0 

Skeleton—yellow marrow 11.5 6440.7 23.1 Na(0.1), S(0 1), C1(0.1) 980 3350 3283 
Skin | 10.0 250 4.6 59.4 Na(0.2), P(0.1), $(0.3), CI(0 3), K(0.1) 1090 | 3.306 3604 
Skin 2 10.0 204 4.2 64.5 Na(0.2), P(0.1), S(0.2), CKO 3), K(0.1) 1090 3306 3604 
Skin 3 10.1 15.8 37 69.5 Na(0 2), P(0.1), S(0 2, CI(0.3), K(0.1) 1090 3.309 3607 
Spleen 103 11.3 32 741 Na(0.1), P(0 3), S(0.2), C1(0.2), K(0 3) 1060 3315 3514 
Testis 106 99 2.0 76.6 Na(0.2), P(0.1), S(0.2), CI(0 2), K(0.2) 1040 3.324 3457 
Thyroid 10.4 11.9 2.4 74.5 Na(0.2), P(0.1), S(0.1), CI(0.2), K(0.1), I(0.1) 1050 3.318 3484 
Trachea 101 13.9 3.3 71 3 Na(0.1), P(0.4), S(0.0, CO. D}, K(0.4) 1060 3309 3508 
Unnary bladder—urine [10 05 1.0 86.2 Na(0.4), P(0.1), Ci(0.6), K(0 2) 1020 3.336 3403 
Unnary bladder—empty 10.5 962.6 76.1 Na(0.2), P(0.2), S(O 2), CI(0.3), K(0.3) 1040 3.321 3454 
Urmary bladder—filled 108 3.5 1.5 83.0 Na(0.3), P(0 1), S(0.1), CI(0.5), K(0 2) 1030 3.330 3430 


*Mass density of the mflated lung is often quoted as 260 kg m^! 


compositions reported by ICRP (1975). As such, the 
new data remove many of the discrepancies and 
anomalies present in older studies. Consequently, there 
may be appreciable differences in C, H, N and O 
contents compared with previous published data 
relating to "average" or "typical" body tissues. 

For seven tissues (adipose tissue, heart, kidney, liver, 
mammary gland, muscle—skeletal and skin) sufficient 
reliable data were available to establish the expected 
spread in composition. Certain of these, such as adipose 
tissue (lipid: 61.4-87.3% by mass) and mammary gland 
(lipid: 5.6-56.2% by mass), exhibited widely varying 
compositions. On the other hand, the results for liver 


(water: 72.8—75.69/ by mass) were less variable. 

The mean composition for muscle—skeletal (No. 2) 
is very close to that published by ICRU (1964). In that 
publication the H, C, N and O contents were 10.2%, 
12.3%, 3.5% and 72.9% ae mass, respectively, 
compared with 10.2%, 14.3%, 3.4% and 71.0% by 
mass in this study. This differs from the composition 
given by ICRP (1975), which appears to include certain 
protein data from paediatric sources, resulting in a 
lower nitrogen content. 

A major problem with the derivation of mean body 
tissue compositions is the variability of reported data. 
This 1s due to a multitude of reasons: age, sex and state 


TABLE IV 
THE ELEMENTAL COMPOSITIONS AND MASS DENSITIES OF ADULT AND CHILD CORTICAL BONE (WOODARD, 1986) 

Sample Elemental composition (% by mass) Mass 
density 
H C N O Others kg m^? 

24 adults (20—74 years) 3.4 15.5 42 43 5 0.1 Na, 02 Mg, 10.3 P, 0.3 S, 225 Cae 1920 

10 children (6-13 years) 3.9 15.8 4.4 45.0 0.2 Mg, 9 8 P, 20.9 Ca 1830 

4 children (2-5 years) 4.0 157 45 45.4 0.2 Mg, 10 1 P, 20.1 Ca 1800 

Pennatal rhesus monkey 6.7 15.2 49 56 7 0.1 Mg, 5.0 P, 11.4 Ca 1400 
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of health of the subject and the differing expenimental 
procedures adopted for the analyses. The variation with 
age is demonstrated in Table IV, which includes 
previously unpublished data on the cortical bones of 
paediatric subjects measured by one of the authors 
(H.Q.W.). The wetter, younger bones are seen to have 
less calcium and lower mass densities than the adult 
counterparts. 

More comprehensive measurements on the composi- 
tions of healthy adult body tissues are urgently needed. 
Recent studies have tended to concentrate on trace- 
elements, ignoring the important elements H, C, N and 
O, which make up some 99% by mass of soft tissues. 
The high-atomic-number elements, Na, P, S, Cl, K and 
Ca, are important at low and high photon energies in 
both soft and skeletal tissues and their presence may 
affect radiation dosimetry (Laughlin et al, 1987). In 
particular, adipose tissue (subcutaneous deposits, intra- 
abdominal and yellow marrow), gastrointestinal tract- 
intestine (small and large) liver, muscle—skeletal, 
skeleton—cartilage, skeleton —red marrow and urinary 
bladder wall need more investigation Similar measure- 
ments are also required for diseased and paediatric 
body tissues. 
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Rotational panoramic radiography: a comparison of radiation doses in the 


standard and reverse positions 


By F. J. Williams, M.Sc., F. R. Hudson, F.Inst. P. and “A. F. Markus, F.D.S.R.C.S. 
Physics Department and *Department of Oral Surgery, Mount Vernon Hospital, Northwood, Middlesex 


(Received March 1986 and in revised form July 1986) 


Rotational panoramic radiography is now well estab- 
lished as a valuable technique in the diagnosis of oral 
and facial disorders, The theory of the technique was 
originally described by Numata (1933, 1934) and 


subsequently by Paatero (1946, 1954, 1961). Analyses of 


the radiation doses have been reported widely (e.g. 
Casebow, 1973; Nystróm et al, 1975; Wall et al, 1979; 
Bartolotta et al, 1983). The dosage received is consider- 
ably lower than that for an equivalent survey of the 
dental structures with conventional intra-oral radio- 
graphic techniques (Wall et al, 1979). 

One disadvantage associated with the technique, 
however, is that the image quality does not permit the 


resolution of all the structures which may be of 


importance in the assessment of patient status. A 
number of variations on the basic technique have been 
proposed in the literature by workers seeking to 
improve the quality of the radiographs in particular 
situations, e.g. Greig and Musaph (1973). Markus et al 
(1986) have demonstrated that significant improvement 





*Present address: Department of Oral and Manxillo Facial 
Surgery, Poole General Hospital, Poole, Dorset. 
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in the visualisation of the temporomandibular joint 
(TMJ) and associated structures is possible if the 
patient is placed in the reverse position (Fig. 1). 
Obvious questions arise as to the effect of the 
repositioning on the doses received by sensitive 
structures, particularly the lens of the eye. 

We have carried out a series of measurements to 
investigate the effect of patient position on radiation 
dose distributions. 


MATERIALS AND METHODS 

The study was carried out using a Siemens 
Orthopantomograph OP3S set operated under the 
standard conditions used in the department (70 KV. 
223 mAs). The X-ray tube and the film cassette both 
rotate about an axis through the position of the oral 
cavity. The film cassette rotates simultaneously on its 
own axis, such that at any instant one sector of the jaw 
only is in sharp focus on the film. The rotation pattern 
is illustrated in Fig. 1. 

Measurements were first made with X-ray film (Agfa 
Gevaert 15 cm x 30 cm Dentus RPS PE/KW) mounted 
on a series of phantoms to permit a simple visualisation 


^ H 
Fic. |. 
(A) Position of head in relation to X-ray tube and film holder for reverse position orthopantomography. (B) Geometry used in the 
exposure. 
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FIG. 2. 


Positions used for mounting films on the three phantoms used. 
(A) Surface dose phantom, (B) Rando phantom, (C) sagittal 
phantom. 


of the dose distributions. The first phantom used was a 
thin-walled plastic cylinder. of diameter 165 mm, filled 
with water. The diameter was a simple but appropriate 
compromise to the varying sections of the adult skull. 
The second phantom used was the Rando head and 
neck section (Alderson Research Laboratories). This 
phantom, made of tissue-equivalent synthetic rubber, 
contains a complete human skull with all bony 
Structures and airways. The last phantom, prepared 
from wax, approximated head and neck dimensions, 
but was sectioned sagittally through the central plane. 
The positions used to mount films in the three 
phantoms are shown schematically in Fig. 2. The 
spatial-distribution data gained from the films was 
supplemented by measurements from thermolumines- 
cent dosemeters (3mmx3 mm x0.9mm lithium 
fluoride chips (TLD 100)). These were exposed under 
comparable conditions to those used for the film 
exposures. except that multiple exposures ( x 10) were 
used to increase reading accuracy. The chips were 
standardised against the dose delivered by a calibrated 
radiotherapy treatment machine operated at 75 kV. 


RESULTS 
The track of the X-ray field on a film mounted on the 


surface of the water phantom demonstrated the form of 


the surface dose observed for a standard position 
exposure (Fig. 3). It can be seen that there is a relatively 
sharp upper and lower border and that the effect of the 
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FIG. 4. 
Superposition of three 25 mm-thick sections of the Rando 
phantom on a circle 165 mm in diameter. 


three centres of rotation is to produce higher exposures 
at the extremities of the track. At an energy of 70 kV it 
is clear that the major contribution to the surface dose 
will come from the direct incident rather than the 
transmitted radiation. 

Comparison of scans of the films for the standard 
and reverse positions shows that there is no significant 
change in the surface area of the phantom exposed to 
the beam, although the maximum dose is higher when 
the reverse position is used. In both the standard and 
reverse positions, the level of the eves, with correct 
alignment, will lie outside the borders of the high-dose 
region of the X-ray field. 

By superimposing three 2.5 cm-thick sections of the 
Rando phantom on the section of the phantom used 
(Fig. 4), the deviation of the Rando section from the 
cylindrical phantom is calculated to range from 
—22mm to +22 mm. For an X-ray set operated at 


FiG, 3. 
Track of X-ray field on the surface of the 
cylindrical phantom (diameter 165 mm) 
for a standard orthopantomogram. 
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FIG. 5. 


Complex dose distribution observed on radiographs exposed in the Rando phantom during (A) standard and (B) reverse 
orthopantomography. Clearly visible is the oropharynx and the sites of the two fixing pegs of the phantom. 
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FiG. 6. 


(A) Standard and (8) reverse sagittal orthopantomograms. Outline anatomy is indicated. 
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Sites This work Bartolotta Wall et al 
et al (1983) (1979) 

Standard (cGy) Reverse (cGy) (standard, cGy) (standard, cGy) 

Left cye 0.002 0.003 | 

Right eye 0.002 0.003 0.002 0.002 

Left external TMJ 0.007 0 010 

Right external TMJ 0.006 0 007 

Left mastoid 0 006 0.006 

Right mastoid 0.005 0.004 

Back neck 0.008 0.002 0.100 0.12 

Centre tongue 0.013* 0.035* 0.0241 0 22t 


*Pontion 2 cm posterior to skin surface midline, but at a level 
TPosition not specified. 


20cm focus-skin distance, these deviations would 
correspond to changes in field size of +10% and to 
changes in dose of +20%. 

Radiograpbs taken with the Rando phantom through 
the level of the upper teeth (Fig. 5) clearly demonstrate 
the complex exposure pattern which can be related to 
that seen in the other radiographs. Thus the area of 
high dose visible at the end of the track in Fig. 3 can be 
seen to match the skin surface over the lateral foci of 
the rotation. It can be seen that there is little difference 
in the absolute radiation distribution between the 
standard and reverse positions 

Radiographs taken with the phantom made from wax 
show the exposure pattern in the central sagittal section 
of the phantom (Fig. 6). These radiographs clearly 
show the well defined upper and lower border of the 
field and also reveal the 1nhomogeneity of the dose 
distribution caused by the triple-focus motion of the set. 
Scans of these films show a dose gradient of some 30% 
from the inferior to the superior border, but the 
structure of the distribution remains constant. The 
gradient reflects the vertical angulation of the beams. 

The sagittal radiographs make patent the preserva- 
tion of the shape of the dose distribution through the 
full height of the exposed volume. They also show that 
the triple-focus density distribution is essentially 
reversed in relation to the anatomy in the reverse 
position, and consequently the mean energy imparted to 
the patient will not change significantly. 

The doses assigned to selected sites in the exposure of 
the Rando phantom in the standard and reverse 
positions as measured using TLDs are listed in Table I. 

While detailed comparison with the results of other 
workers 1s complicated by the inhomogeneous nature of 
the X-ray field, it 1s clear that no unacceptable change 
in dose level 1s observed when the reverse position 1s 
used. In particular, the estimated dose to the lens 
remains low. 


DISCUSSION 
Radiographic measurements have been made to 
determine the effect on the dose distribution in the 


| em above point of contact between upper and lower Irpa. 


patient in orthopantomography when the reverse 
position of Markus et al (1986) is used to improve 
definition of the TMJ. The radiographs clearly show the 
complexity of the dose distribution, but the sagittal 
radiographs in particular make evident the degree of 
constancy of the distribution in the vertical direction. 
The TLD measurements taken in similar geometry 
show no unacceptable changes in organ exposure. It is 
concluded that no unexpected hazard should be met 
from a correctly set-up reverse position tomogram. 

However, the rapid variation in dose distributions 
observed within the field confirms that interpretation of 
isolated TLD measurements alone has major limita- 
tions. Comparison of exposures from different 
techniques should use methods that enable the 
irradiated volume to be delineated. Extending this to 
provide a measure of the mean energy imparted should 
be the final objective. Nystróm et al (1975) have 
compared their estimate of 450 g rad per study with van 
Aken and van der Linden's (1966) estimate of 109 g rad 
and have concluded that these results are not 
incompatible. Clearly, further development in tech- 
niques is called for. 
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An autoclavable transport container for guide-wires containing iridium 192 
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( Received May 1986) 


The use of radioactive '??Ir wire in the treatment of 
high bile-duct carcinoma has been described by Fletcher 
et al (1981). At Sir Charles Gairdner Hospital the 
routine procedure involves initial placement of a naso- 
biliary catheter into the patient for both biliary 
drainage and accommodation of a flexible guide-wire 
containing the prescribed length of !??lIr wire. The 
guide-wire used is 1450 mm long and contains an inner 
stilette which is removed to allow a nylon spacer 
(normally 20 mm in length) followed by the 0.3 mm 
diameter !??Ir wire (typically 30-100 mm in length) to 
be inserted into the guide-wire. The stilette is then 
replaced to locate the spacer and '??Ir wire positively, at 
the distal end of the guide-wire. The loaded guide-wire 
is positioned under radiological control and left in the 
patient until the prescribed treatment dose has been 
delivered. Before use, the guide-wire containing the 
!??[r wire must be autoclaved. A device to permit this 
and afford radiation protection for staff has been 
constructed, and is described below. 


CONSTRUCTION 

The main body of the autoclavable transport 
container is a stainless-steel tube 50 mm in diameter and 
200 mm in length with a mounting plate for the winding 
mechanism welded at one end. The main body is filled 
with lead, except for a 4mm stainless-steel tube 
mounted coaxially, which extends as far as the outer 
ring of the winding mechanism. The winding mecha- 
nism consists of three main parts. 


The outer ring 

This is constructed from a linen-based epoxy-resin- 
filled material known by the trade name "Tufnol". This 
material was chosen because of its light weight, 


corrosion resistance and for its ability to withstand 
repeated autoclaving with minimum distortion. It is 
attached to the mounting plate of the main body by two 
screws, as illustrated in Fig. 1. 


The inner rotating drum 

Also made from Tufnol, this drum has a spring- 
loaded clip in it to secure the inactive end of the 
combined guide-wire and stilette. Adjacent to the 
spring-loaded clip is a machined annular groove which 
accommodates the guide-wire as it is retracted through 
the main body of the container. 


The securing disc 

This stainless-steel disc holds the inner rotating drum 
within the outer ring. It has a section removed to allow 
access to the spring-loaded clip which secures the 
inactive end of the guide-wire to the inner drum. It also 
has five equally spaced holes drilled through it to 
facilitate another spring-loaded clip being mounted on 
the outer ring. This clip locks the position of the inner 
drum and prevents the active end of a loaded guide-wire 
from being dislodged from the main body section. On 
the face of the disc is engraved "Advance" and 
"Retract" to indicate directions of travel of the guide- 
wire. 


LOADING 

The inactive end of the guide-wire is passed through 
the lead-filled main body to the spring-loaded clip in the 
inner rotating drum. The guide-wire is then wound into 
the annular groove until the active '??Ir wire tip is 
retracted within the lead shielding of the main body. 
The inner drum is then locked into position to secure 
the position of the guide-wire. Finally, a stainless-steel 


1223 


VoL. 59, No. 708 


Technical notes 





cap. 30 mm long, with a breather hole at 90° to the bore 
of the main body to allow for the passage of steam 
during autoclaving, is screwed into position. Figure 2 
shows the container loaded with a guide-wire ready for 
autoclaving. 

The device has proven very successful in the 
preparation of long guide-wires containing '??Ir. The 
main body provides shielding of four half-value 
thicknesses for '??Ir y rays and the total weight of the 
container is Skg. It is simple to load and use, is 
autoclavable and provides adequate radiation protec- 
tion for personnel. 


Fic. |. 
Container dismantled for 
cleaning. 


FiG. 2. 
Container assembled and ready 
for autoclaving. 
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The characteristic appearances of the fluid-filled 
uterus on computed tomography (CT) have been well 
described (Scott et al. 1981). In addition, the use of 
ultrasound in the diagnosis and elucidation of con- 
genital anomalies of the female genital tract has been 
reported previously and classification systems have been 
proposed (Malini et al, 1984). Sonographic detection of 
such anomalies has been particularly successful during 
pregnancy and in neonates (Wilson etal, 1978; 
McArdle & Berezin, 1980). Experience with paediatric 
and adolescent patients has been less extensive (Haller 
et al, 1977). We present a case report of an adolescent 
girl with septate uterus and unilateral obstruction and 
its appearance on CT and ultrasound. 


Cask REPORT 

A 13-year-old girl was referred with a 6-month history of 
daily, sharp. right lower-quadrant pain. Menarche had 
occurred approximately 4 months before symptoms and 
menstrual periods were irregular. There were no associated 
gastrointestinal or urinary complaints. Physical examination 
was negative, with no masses. 

The patient had been investigated in hospital twice before 
for the same complaints, at the onset of symptoms and again 
approximately 5 months later. Laboratory data and radio- 
graphs were not of diagnostic value. A pelvic ultrasound 
examination at first admission was interpreted as normal. 
Laparoscopy during the second admission was reported as 
normal except for possible endometriosis. She was placed on 
oral contraceptives without improvement in symptoms. 

The patient was referred to this hospital with persistent pain 
Oral contraceptives were discontinued and her pain increased. 
Pelvic ultrasound revealed a 3 cm hypoechoic uterine mass 
(Fig. 1). Fluid in the cul-de-sac was also seen. Abdominal and 
pelvic CT scans showed a round, low-density mass in the right 
side of the uterus (Fig. 2). Both kidneys were normal. On 
pelvic examination by a gynaecologist. there was a single cervix, 
but the uterus was tense and one and a half times normal size 

The patient was referred for surgery with a pre-operative 
diagnosis of septate uterus with obstructed right horn. The 
septum could not be resected by a combined hystero- 
scopic laparoscopic approach. At open operation the diagnosis 
was confirmed (Fig. 3). The adnexae were normal and there 
was no evidence of endometriosis. The post-operative course 


Radiology, Riley Hospital for Children, 702 Barnhill Drive. 
Indianapolis, IN 46223, USA. 


was uneventful and she was discharged on the third post- 
operative day. 


DISCUSSION 

In female embryological development, paired 
Mullerian ducts fuse in the midline to form the uterus, 
cervix and proximal vagina. Failure of fusion in varying 
degrees results in congenital anomalies including double 
uterus (uterus didelphys). bicornuate uterus and septate 
uterus. As part of the anomalous development, à 
segment of the uterus may be obstructed. After 
menarche, as blood accumulates in the obstructed 
segment, distension of the uterus may result in pain. 

Ultrasound and CT play an important role in 
diagnosis. Pelvic examination. performed by anyone 
unaccustomed to paediatric patients may be falsely 
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Computed tomogram of the pelvis following intravenous, oral, 

and rectal contrast-medium administration shows a homogene- 

ous, fluid-density mass (black arrows) in the right side of the 
uterus (open arrows) 


negative, especially if the cervix is not duplicated. The 
abnormality may be overlooked at laparoscopy if the 
external contour of the uterus is relatively normal, as in 
septate uterus. 


The findings of a rounded, eccentric mass which is of 


low density on CT. or with uniform low-level echoes on 
sonography, should lead to the correct diagnosis 
(Azouz & Williams, 1982; Stangl et al, 1983). Fluid in 
the cul-de-sac is supporting evidence of obstruction 
with peritoneal spill via the fallopian tubes. 
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At laparotomy the uterus, viewed from above, is enlarged on 
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Sonographic and computed tomographic findings in Canavan's disease 
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King Saud University, Riyadh, Saudi Arabia 
( Received March 1986) 


A proven case of Canavan's disease (spongy degenera- 
tion of Van Bogaert-Bertrand type) of the brain is 
presented with sonography and computed tomography 
(CT) scans and histological findings. This is, to our 
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knowledge, the first reported case of the sonographic 
features of Canavan's disease of the brain. This very 
rare condition can sonographically mimic a number of 
brain cystic leucomalactas. 
Case REPORT 

The patient, a 3-month-old girl, was referred for investiga- 
tions of convulsions, macrocephaly and delayed milestones 
She was the only child of parents who were first cousins. She 
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Fic. |. 
Coronal cranial sonogram showing diffuse leucomalacia and 
multiple anechoic areas in periventricular region. 


was delivered at full term with no immediate or late neonatal 
complications. On examination, she had macrocephaly and the 
head circumference, at 45 cm, was above the 90th percentile. 
The anterior fontanelle was bulging and the cranial sutures 
were separated. She was not following objects and fundoscopic 
examination revealed bilateral pale discs. She had poor head 
and neck control and deep-tendon reflexes were hyperactive in 
all four limbs. Other systems were substantially normal. 
Cranial sonography showed multiple anechoic lesions in the 
cerebrum with increased sonolucency of white matter (Fig. 1). 
Cranial CT revealed diffuse, low-attenuation white matter 
distributed symmetrically throughout both hemispheres 
(Fig. 2). A brain biopsy from the right frontal lobe was taken 
for frozen section and microscopic examination showed a 
normal cortex. The deeper, gelatinous part showed cells which 
were almost all vacuolated, the vacuoles being multiple or 
single and often compressing the nucleus to one side (Fig. 3). 





Fic. 2. 


Axial CT scan showing diffuse, low-attenuation white matter 
in both hemispheres. 





Fic. 3. 
A photomicrograph of the spongy white matter from the 
biopsy specimen, showing numerous vacuoles throughout the 
tissue (haematoxylin and eosin, x 199), 


The vacuoles were clear and did not show with fat stains in 
frozen sections. These changes were consistent with Canavan's 
disease 

DISCUSSION 

Canavan's disease is a recessively inherited disorder 
of infancy. of unknown aetiology, demonstrating 
megalencephaly, blindness, initial hypotonia followed 
by spasticity and progressive psychomotor degeneration 
with onset between the second and ninth months of life 
(Seungho & Krishna, 1983). Boltshauser and Isler 
(1976) reported CT findings as diffuse, low-attenuation 
white matter distributed symmetrically throughout both 
hemispheres. Identical findings were present in our case. 

Sonographic examination showed increased sono- 
lucency of white matter with multiple, cavitary anechoic 
lesions due to lack of myelin and an increased water 
content in the affected areas. Similar findings have been 
reported in many conditions, e.g. asphyxia (Kesaree et 
al. 1976; Dubois et al, 1979), meningitis (Smith et al, 
1977; Chutorian et al, 1979), twin-to-twin transfusion 
(Yoshioka et al, 1979; Claireaux, 1972), and ischaemic 
brain disease (Trounce & Milevene, 1985) 

The outstanding pathological feature 1s spongy 
change predominantly affecting the white matter, with 
lack of myelin and an increased water content 
(Boltshauser & Wilson, 1976). These characteristic 
features were found in our case. 


CONCLUSION 
It is, therefore, pertinent to consider Canavan's 
disease in the differential diagnosis of intracerebral, 
multicystic leucomalacia from cranial ultrasound or 
low-attenuation, non-enhancing white matter on cranial 
CT. The disease can be definitely diagnosed only by 
brain biopsy. 
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Cystic dilatation of the thoracic duct presenting as a supraclavicular mass 


By A. Kolbenstvedt, M.D. and J. Aanesen, M.D. 


Departments of Radiology and Otorhinolaryngology, Rikshospitalet, The National Hospital, Oslo, 


Norway 


(Received February 1986) 


Cystic dilatation of the mediastinal thoracic duct is an 
uncommon lesion. Emerson (1950) described the first 
case diagnosed at surgery during the patient's lifetime. 
He found four previous reports of supradiaphragmatic 
thoracic duct cysts diagnosed post-mortem, the first by 
Enzmann in 1883. Tsuchiya et al (1980) reviewed eight 
cases described since 1950 and added one case which 
they believed to be the first diagnosed before 
thoracotomy. That was a posterior mediastinal cyst 
shown by pedal lymphography and computed tomo- 
graphy. The majority of the supradiaphragmatic 
thoracic duct cysts appeared in the mediastinum. but 
one example lying in the left supraclavicular region was 
reported by Barlow and Gracey (1965), 


Case REPORT 
A previously healthy 55-year-old man was referred to the 
department of otorhinolaryngology with an asymptomatic left 
supraclavicular mass discovered 7 months earlier. The mass 
was fluctuant, 3 cm in diameter and located lateral to the lower 
part of the sternocleidomastoid muscle (Fig. 1). Fine-needle 
puncture yielded white, milky fluid which, at microscopy, was 
found to contain protein and numerous lymphocytes. 
Biochemical analysis of aspirated fluid showed a cholesterol 
content of 2.0mmol/l (reference values for serum 
5.4-8.4 mmol/l) and a triglyceride level of 28 mmol/l (reference 
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values for serum 0.6-2.4 mmol/l). These findings indicated 
chylous fluid 

Chest radiography was normal. At lymphography a total of 
I7 ml of Lipiodol (May & Baker) was injected in a pedal 
lymph vessel, the last 7 ml with the upper half of the body 
elevated in order to visualise the thoracic duct. Normal lymph 
vessels and nodes were demonstrated in the inguinal, pelvic 
and lumbar regions, but the thoracic duct was not 
demonstrated. Images from computed tomography were partly 






Fic. I. 


Photograph of the left supraclavicular region, showing a mass 
(arrow) behind lower part of the sternocleidomastoid muscle 
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Radiography of the thoracic duct following direct puncture and 

injection. of contrast medium into the supraclavicular cvstic 

mass. (A) Tortuous upper part with cystic dilatation. (B) Lower 

part with cisterna chyli and lumbar trunk demonstrated down 
to the level of the third lumbar disc. 


disturbed by artefacts due to the patient's broad shoulders. A 
cystic mass with attenuation value — 26 HU was identified. At 
direct puncture 20 ml of non-ionic, water-soluble contrast 
medium (iohexol, 350 mg I/ml) was injected. The cyst was 
filled with medium and gradually a widened, tortuous thoracic 
duct, cisterna chyli and lumbar trunk were demonstrated down 
to the level of the 3rd lumbar disc (Fig. 2). No contrast 
medium passed to the subclavian vein, indicating obstruction 
of the thoracic duct inlet 

As the patient had no symptoms, he was not subjected to 
surgery. At follow-up examinations 14 months and 36 months 
later, the condition was unchanged. 


DISCUSSION 

Enzmann (1883) quoted by Emerson (1950) described a 
post-mortem finding similar to the present case. Near 
the upper end of the thoracic duct an egg-shaped, 
smooth cyst was found, with a clot plugging the 
entrance into the left subclavian vein. This cyst was 
assumed to be caused by mediastinitis. Barlow and 
Gracey (1965) deseribed a 76-year-old woman with a 
gradually enlarging swelling in the left side of the neck 
of 2 years’ duration. Surgery disclosed cystic dilatation 
of the thoracic duct containing clear fluid and 
communicating with the afferent thoracic duct, while a 
thin, fibrous membrane separated the distal end from 
the subclavian vein. The wall of the dilated part showed 
degenerative changes. 

Ross (1961) recognised two varieties of duct cysts: 
the lymphangiomatous (congenital) and the degener- 
ative (acquired), As obstruction by ligation will not 
cause a cystic dilatation, a combination of degenerative 
change and obstruction may be postulated as a cause 
for the non-lymphangiomatous acquired cysts. In our 
case, puncture with aspiration of fluid for biochemical 
analysis combined with injection of water-soluble 
contrast medium for radiological examination was an 
easy and direct procedure which allowed the diagnosis 
to be made without surgical intervention. 
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Hodgkin's disease during surveillance of Stage | testicular teratoma 
By 'M. D. Leslie, B.Sc., M.R.C.P., M. Brada, B.Sc., M.R.C.P., F.R.C.R. and M. J. Peckham, M.D., 


F.R.C.P., F.R.C.R. 


Institute of Cancer Research and The Royal Mardsen Hospital, Downs Road, Sutton, Surrey SM2 5PT 


( Received March 1986) 


It has become an established practice in some specialised 
centres for patients with Stage I non-seminomatous 
germ-cell tumours of the testis to be kept under close 
surveillance following orchidectomy 

We report a patient with testicular teratoma treated 


with orchidectomy alone who, during the period of 


close observation, developed Hodgkin's disease 


CASE REPORT 

The patient, a 20-year-old man, had an inguinal orchidec- 
tomy for left testicular enlargement which was histologically a 
malignant teratoma, undifferentiated. Initial chest radio- 
graphy. lymphography and computed tomography (CT) of the 
chest and abdomen were normal. Serum alpha fetoprotein 
(AFP) and beta human chorionic gonadotrophin (BHCG) 
were undetectable. Monthly examinations, radiography 
marker estimation (AFP and BHCG) and 2-monthly CT scans 
remained normal for over a year. At 14 months an anterior 
mediastinal mass was demonstrated by both CT (Fig. |) and 
chest radiography. Other investigations remained normal, 
Thoracotomy was performed to obtain a tissue diagnosis and 
it revealed an enlarged thymus which was completely excised 
Histological examination showed nodular sclerosing Hodgkin's 
disease. On subsequent staging there was no disease detected 
outside the mediastinum and he was classified as clinical Stage 
IA (Ann Arbor staging). Following mantle radiotherapy he is 
well and free of both Hodgkin's disease and teratoma 


COMMENT 
Following orchidectomy for testicular tumour, 
patients are carefully staged with chest radiography, 
lymphography, CT of chest and abdomen and 
measurement of serum AFP and BHCG concentrations. 


Careful surveillance has shown that more than 70% of 


Stage I patients remain disease-free and do not require 
further treatment (Peckham et al, 1982). The meticulous 
screening involved in such an approach occasionally 
leads to the detection of abnormalities which need to be 
distinguished from metastatic teratoma, particularly in 
the absence of raised serum marker levels. During the 
surveillance of 120 Stage I teratomas, six patients 
developed opacities shown by CT of the chest which did 
not represent teratoma. By CT criteria they were 
diagnosed in three patients as inflammatory, in two as 
benign pleural lesions and in a further patient as benign 
granuloma. 

Involvement of the mediastinum, particularly in the 
absence of infradiaphragmatic lymph node disease, is 
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FiG. | 
Section of the chest on CT showing an anterior mediastinal 
mass 


an unusual pattern of spread for testicular teratoma 
and tt was, therefore, considered imperative to obtain a 
histological diagnosis in the present patient. 

Second tumours are increasingly reported in patients 
successfully treated for testicular tumours and are 
usually attributed to previous therapy. An excess of 
urinary and gastrointestinal tract tumours has been 
noted in patients with testicular tumours 15-19 years 
after radiation therapy (Hay et al, 1984). Development 
of leukaemia following both chemotherapy and radio- 
therapy for germ-cell tumours has also been described 
(Redman etal, 1984). Hodgkin's disease and non- 
Hodgkin's lymphoma have been reported both before 
(Cavalli et al, 1980) and after (Trump & Linet, 1980) 
the diagnosis of testicular tumour. To our knowledge, 
Hodgkin's disease following orchidectomy alone has 
not been described. The present observations emphasise 
the need for caution in ascribing second malignancies to 
previous therapy and also underline the importance of 
establishing a tissue. diagnosis in patients under 
surveillance where serum marker levels are not raised 
and the pattern of spread appears unusual. 
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Diagnostic Paediatric Imaging: a case study teaching manual. 
By C. M. Hall and S. Lingam, pp viu-4-206, 1986 (Springer- 


Verlag, Berlin), £29 00. 
ISBN 3—504-16202 (Berin) 
0—387-16202 (USA) 


Accordmg to the preface, this book ams to be a teaching 
manual for candidates taking higher medical examinations and 
it succeeds in this am. It will make the reader think along 
pacdiatric lines and there are good lists of differential 
diagnoses. 


The layout w well arranged for self-tuition. Case 
illustrations together with a short clinical history and questions 
are placed on one page; answers and suggestions for further 
investigation by other suitable techniques are discussed on the 
back of the same page. This format makes it very easy to keep 


track of questions and answers. 


The 100 cases are grouped in sections, gastrointestinal tract 

(23), genito-urinary system (13), respiratory and cardio- 

systems (22), central nervous system (five), endocrine 

system (five), and akeletal system (32). The selection 1s very 

much examination orientated and this is not the book for the 
casualty officer or the doctor on “acute take”. 

There are a few quibbles. The illustrations are not always 
clear For instance, where is the Replogle tube ın Case 9 or the 
lung plethora in Case 16? Does the diameter of the pylorus 
really have to be 2cm before a diagnosis of pylonc stenosis 
can be made? (No, it does not.) Altogether, ultrasound is not 
given the prominence it merits. Surely polycystic disease of the 
kidneys should be diagnosed by ultrasound rather than 
intravenous urography. I think a lst of recommended reading 


would have been useful. 


The book wil provide plenty of food for thought for 
exammation candidates and be helpful in their studies. 


G. M SrEzNER 
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Quality Control Handbook Ed by S. Stockley, pp. 105, 1986 
(ISRRT, Weybndge), £4 00 

(No ISBN) 

This publication 1s designed for the use of technicians, in 
radiography world-wide, using simple X-ray equipment and 
manual film processing. It was written following a quahty 
control course in Harare in 1983 when technicians representing 
11 African countnes identified the need for such a book The 
book grves guidance to technicians who have some training in 
radiography and are keen to introduce quality control within 
their own departments It 1s designed as a teaching manual and 
the layout provides space for working notes to keep alongside 
the instructions. The three main sections of the book deal with 
setting standards for local working conditions, maintaining 
standards of quality and problem solving. 

The first section on setting standards instructs the user on 
the preparation of the X-ray equipment and film processing 
which is required before commencing a quality control 
programme Thus includes general cleanimess, good working 
practices and mechanical and electrical safety. 

The monitoring tests descnbed for maintaining standards 
are all very useful tests which are simple to carry out and do 
not use complicated test tools. For example, the test to check 
consistency of the X-ray generator uses a water phantom and a 
meter rule. All the instructions are extremely clear and easy to 
follow, even for those technicians whose first language is not 
English. The problem-solving section provides a quick method 
of investigating and diagnosing faults 

In total, the book provides a complete guide to the 
introduction of quality control in a sunple yet comprehensive 
way. It 1s wntten specifically for those departments where 
expensive test tools and highly-trained personnel are not 
available, and proves that neither are essential. The book 
fulfils its purpoeo by meeting the needs of the radiographucally 
developing work, but it will also be of use to any department 
where basic quality control has not yet been introduced. I am 
certain this book will be highly valued by radiographers and 
radiological technicians throughout the world 

M J. HARVEY 


Percutaneous and Interventional Urology amd Radiology 
(Clinical Practice in Urology series). Ed. by Erich K. Lang, 
pp 362, 1986 (Springer-Verlag, Berlin), £74 00. 
ISBN 3—540-15589—9 (Berlin) 

0-387-15589-9 (USA) 
The title given to this book takes no chances with definitions 
Previous expositions on the broad subject have, for example, 
been entitled. Endourology or Interventional Uro-radiology This 
book lives by its ttle, covering nearly all aspects of modern 
urological and radiological diagnostic and therapeutic practice, 
Therein, however, les & problem There are chapters in this 
book covering subjects only obliquely related to interventional 
or percutaneous techniques, but perhaps the book is none the 
worse for that. 

Dr Lang has collected together 19 contnbutors including 
himself. It is heartening to see that the majonty are 
radiologists! Percutaneous nephrostomy, uretenc stenting, upper 
tract dynamics and calculous disease are dealt with in the first 
third of the book No mention is made of laser technology 
applied to the urinary tract and not enough is made of the 
combination required of interventional procedures and shock- 
wave hthotripsy Excellent chapters on percutaneous drainage 
and aspiration biopsy of renal tract abecess and tumour then 
follow Regional chemotherapy is discussed, but is little used in 
the UK. There i1: no mention of prostatic biopsy under 
ultrasound control nor of radioactive seed implants, again 
under ultrasound control The pros and cons of transcatheter 
embolisation of tumours and varicoeles is covered, as is the 
diagnoms and treatment of haemorrhage from pelvic organs. 
Rather surpnsngty, the final chapters of the book are devoted 
to the diagnosis of benign and malignant renal tumours and 
the diagnosis and assessment of renal inflammatory disease. 
Although weil done, these chapters are out of place, havmg 
httle input from interventional techniques 

This book tries, perhaps, to do too much in too few pages 
and 1s not entirely faithful to its title. It 1s, however, beautifully 
written, well referenced and the illustrations are up to 
Springer's usual excellent standard. It should find a place on 
the shelves of an ever-growing number of departments 
involved m the modern aspects of urology and uroradiology. 

Davip RICKARDS 
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A painful scoliosis 
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DECEMBER 1986 


Department of Radiology, Edinburgh Royal Infirmary, Edinburgh 
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A |4-vear-old girl presented with a 2-year history of 


continuous pain in the lumbar region. The pain was 
worse al night, exacerbated by movement and partially 
relieved by analgesics. On initial examination she had a 
thoraco-lumbar scoliosis with severe restriction of all 


movements of the lumbar spine. Plain radiography of 


the spine (Fig. 1) demonstrated a thoraco-lumbar 
scoliosis, extending from T7 to L3, concave to the left 
with a Cobb angle of 31^ and no other abnormality 
What is the differential diagnosis and 
what other investigations would be most helpful? 





*Now at the Norfolk & Norwich Hospital 





F IG l 


Postero-anterior radiograph of the spine showing scoliosis and 
an unfused neural arch at L5, but no other abnormality. 
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FIG, 2 


Isotope bone scan, posterior view. An area of 
activity is shown on the left at TII 


increased 


Adolescent scoliosis may be seen at this age, but is 
not painful, and the history of pain should raise the 
possibility of underlying pathology. Night pain and 





FIG 


relief by analgesics is seen in osteoid osteomas and in 
osteoblastoma 

A bone scan (Fig. 2) was performed which showed a 
solitary area of increased uptake in the left side of T11, 
at the apex of the concavity of the scoliosis. Computed 
tomography was also performed at this level (Fig. 3) 
and showed a mass arising from the left pedicle of T11 
and extending into the spinal canal, with displacement 
of the thecal sac to the right. The mass was of mixed 
attenuation, having calcification and soft-tissue densi- 
ties within it 

At operation, a soft, red, lobulated tumour was 
found arising from the pedicle of TII and extending 
into the spinal canal. The tumour was removed and an 
interfacet: intertransverse fusion was performed from 
T10 to TI2. The tumour measured 3.2cm x 1.5cm 
«lem. Histological examination showed immature 
woven bone and osteoid trabeculae within richly 
vascular connective tissue. There was little evidence of 
organisation around a central nidus. Her pain disap- 
peared within 24h of the operation. Her scoliosis 
progressively resolved and 6 months after surgery the 
angle of the scoliosis had decreased from 31° to 15°. 
After 12 months the Cobb angle measured 6°. 


DISCUSSION 

There is considerable difficulty clinically, radiologi- 
cally and histologically in distinguishing osteoblastoma 
and osteoid osteoma when they occur in the spine. 
Clinically, an osteoid osteoma is often associated with 
more pain, which can be worse at night and may be 
relieved by aspirin. Radiologically, the major differen- 
tiation can be based on size and degree of reactive 
sclerosis. Osteoid osteomas have a limited growth 
potential, whereas osteoblastomas enlarge progressively 





H 
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Computed tomography of the spine at T11, (A) without and (B) with intrathecal contrast medium (L + 100. W 500). A soft-tissue 
mass with calcified areas is extending into the canal from the left side of the neural arch and displacing the theca to the right 
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and have dimensions usually greater than 1.5cm. A 
tumour which grows and expands into the spinal canal 
is much more likely to be an osteoblastoma. 

The location of both tumours in the spine is similar, 
usually in the neural arch in the region of the pedicle or 
base of the transverse process. 

Characteristically, osteoid osteomas cause more 
reactive sclerosis. The CT scan usually shows this 
sclerosis surrounding a central nidus but in some cases 
only the reactive sclerosis 1s visible. Calcification and 
new bone formation within the tumour 1s more often 
seen in osteoblastomas (McLeod et al, 1976). 

Histologically, an osteoid osteoma may show organ- 
isation around a central nidus, whilst an osteoblastoma 
shows mineralisation and large vascular spaces (Marsh 
et al, 1975). 

Delay in the diagnosis of a spinal bone tumour is 
common but it should be suspected if there 1s a painful 
scoliosis (Kirwan et al, 1984). In a growing child, 
progression of the scoliosis with vertebral rotation may 
occur during this delay and subsequent surgical excision 
of the lesion may not result in complete resolution of 
the scoliosis (Ransford et al, 1984). 

Plain radiography is positive in less than 50% of 
patients (Kirwan et al, 1984) and if CT is available, 
plain tomography 1s unnecessary. An isotope bone scan 
should be performed in all patients, this will be 
positive in almost 100% of patients with an osteoid 
osteoma (Lisbona & Rosenthall, 1979) and CT scans 


can then be performed at the appropriate level. The 
location and extent of the tumour are well demon- 
strated and the contrast resolution of CT allows better 
appreciation of calctfication and new bone formation 
than does plain tomography 

In summary, the case of a 14-year-old girl with a 
painful scoliosis and spinal stiffness 1s presented. The 
radiological investigations indicated that the most likely 
diagnosis was an osteoblastoma of the spine and this 
final diagnosis was made from the combination of 
radiological and histological findings. 
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The use of the effective dose equivalent, H,, as a risk parameter in computed 


tomography 
By W. Huda, Ph.D. and G. A. Sandison, M.Sc. 


Department of Medical Physics, Manitoba Cancer Treatment and Research Foundation, 100 Olivia Street, 


Winnipeg, Manitoba R3E OVS, Canada 


(Recerved Api i 1986) 


Conventional approaches to computed tomography (CT) 
dosimetry include the specification of the absorbed dose at 
given locations m the radiation field (Shope et al, 1982), the 
usc of dose descnptors such as the Computed Tomography 
Dose Index (CTDI) (Shope et al, 1981), estimates of the total 
energy imparted in the CT examination (Huda, 1984) and an 
expliat evaluation of the somatc and genetic stochastic 
radiation risks associated with a given CT examination (Huda 
& Sandison, 1985) A problem with all these approaches us the 
difficulty of comparing the radiation risks associated with the 
CT procedure with the comparable risks associated with other 
diagnostic procedures that use ionising radiation. It us also 
dificult to compere the non-uniform radiation doses 
encountered in CT examinations with the whole-body dose- 
equivalent* limits imposed for non-medscal exposures for 
members of the public (5 mSv/year) and for radiation workers 
(50 mSv/year), or with the risks from more familiar everyday 
activities such as smoking cigarettes and driving automobiles 
Thus note employs the concept of the effectrve dose equivalent, 
Hy to overcome tbese problems. This was 
introduced by the International Commussion on Radiological 
Protection (ICRP, 1977a) to deal with partial-body radiation 
exposure of radiation workers Simple numerical radiation nak 
estimates from CT examinations performed on an EMI 5005 
CT scanner are used to generate corresponding Hy values and 
this parameter us then adopted as the means for intercompar- 
mg total risk. 


EFFECTIVE Dose EQUIVALENT, Hg 
The ICRP has introduced the effective dose equivalent 
(ICRP, 19772) which is defined by 


H=} W, H, 


where H, 1$ the mean dose equivalent in a given organ or 
tusue, i, and W, 1s the corresponding weighting factor for 
organ i. Table I summarises the ICRP weighting factors which 
are considered appropnate for an adult working population 
where the risks for all organs (except the gonads) refer to 
cancer mortality and the gonad rsk is the probability of 
senous genetic disorders in offspring in the first two 
generations. The interpretation of the value of Hp for a partial- 
body irradiation is that it corresponds to the same risk as a 
uniform whok-body radiation dose Hp, where the radiation 
maks are the induction of fatal cancers and serious genetic 
disorders in the first two generations. It 1s important to note 


*The overwhelming majority of radiological procedures 
employ low-LET radiations and the dose equivalent (Sv) 1s for 
practical purposes taken to be equivalent to tbe absorbed dose 
(Gy). 


that the use of Hp 1s only applicable at low radiation doses of 
the type normally encountered in diagnostic radiology and 
nuclear medicine, where the possibility of non-stochastc effects 
such as skin erythema and epilation is negligible. 


Hg AND CT EXAMINATIONS 

An explicit estimation of average radiation risks (genetic 
effects, fatal cancers and non-fatal cancers) for different types 
of CT examination performed with an EMI 5005 CT scanner 
has been reported elsewhere (Huda & Sandison, 1985) and a 
summary of these results is reproduced in Table II. To obtain 
an estimate of an effective dose equivalent, Hp, 1t 18 necessary 
to follow the recommended ICRP procedure (ICRP, 19772) 
and neglect non-fatal cancers, taking into account the first two 
generations only and the age-dependent factor for producing 
children 

These last two terms involve multiplicative factors of 0 5 and 
0.4, respectively, to be applied to the sex-avernged genetic risk 
estimates shown in Table H Utlising the fact that a dose 
equivalent of | Sv corresponds to a total radiation risk of 
serious disorders of 1 65 x 1077, the values of H, for each CT 
examination can be computed and these are shown in 
summary form in Table III 


DISCUSSION 
Although the concept of the effective dose equivalent, Hg, was 
introduced by the ICRP for dealing with partial-body and 
non-uniform exposures in adult working populations, it 1s also 
very useful for estimating average risks in radiological 
procedures that employ ionising radiations. The estimation of 
such nsks is the primary purpose of radiation doasmetry in 


TABLE I 


ICRP RADIATION RISK ESTIMATES AND WEIGHTING FACTORS, W, 
POR ADULT WORKERS 


Tissue Radiation risk Weighting factor 
(Sv~?) W, 

Gonads 4x107? 025 

Breast 2.5x 1073 015 

Red bone marrow 201073 0 12 

Lung 2.0 x 107? 0 12 

Thyroid 5.0 x 107* 0 03 

Bone surfaces 50x10^^ 0 03 

Remainder 50x107? 5 x 0.06* 


* A value of 0 06 assigned to five tissues not specified in table 
with highest radiation doses 
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TABLE II 
SUMMARY OF RADIATION RISK ESTIMATES ASSOCIATED WITH CT EXAMINATIONS POR AN EMI 5005 CT SCANNER 


Scan type Non-fatal Fatal 
Cancers cancers 
(x 107%) (x 107°) 
Head 30.7 13 5 
Chest 76 78.2 
Pelvis 12.5 15.8 
Abdomen 20.5 26.6 


climcal radiology. The two difficulties that arise when using the 
concept of H, for evaluation of patient exposures in clinical 
radiology are that the weighting factors given in Table I are 
only stnctly apphcable to adult working populations and that 
in many Individual cases the average risk may mgnificantly 
over- (or under-) estimate the true radiation risk because of the 
age or sex of the particular patent. For most practical 
purposes, the weighting factora for the population undergoing 
radiological investigations are unlikely to be markedly different 
from the values presented in Table I and any differences are 
likely to be conmderably smaller than the uncertainties in the 
radiation msk estimates themselves These radiation risk 
estumates are generally considered to have uncertainties 
corresponding to factors of 2-3 due to the range of values 
predicted by differing dose-effect extrapolation models and 
radiation risk models (National Academy of Sciences, 1980). 
The use of average risks as expressed by H,, could thus be in 
sizeable error for individual patents such as children or post- 
menopausal women undergoing pelvic examinations 
(Table IIT) 

However, exphat knowledge of the radiation risks are rarely 
required on an individual bams and are normally used for 
estimating the radiation detriment to populations or for 
intercompenng different maging procedures that employ 
iomsing radiations. In those specific cases where the 
computation of an individual radiation risk 1s desirable, it us 
possible to improve the precision of the rsk estimates by 
reverting back to mdividual organ doses and using age and sex 
specific radiation risks that are available in the literature 
(ICRP, 1977b) 

The values of Hy for the CT examunations shown in 
Table III indicate that head CT studies are associated with a 
Ay value of about 084mSv which is comparable to the 
average annual whole-body background radiation dose 


TABLE Il 


COMPUTATION OF Hp FOR DIFFERENT TYPES OF CT EXAMINATION 
ON AN EMI 5005 CT SCANNER 


Scan type Fatal Average Total Hyg 
cancer serious (mSv) 
(x1079) effects disorders 
(x10769 — (x1075 
Head 135 03 13.8 0.84 
Chest 782 0.7 78.9 4.78 
Pelvis 15.8 19.3 35.1 213 
Abdomen 26.6 15.5 421 2.55 


Serious genetic effects in all 

future generations 

Females Males 

(x 1079) (x 107% 
14 1.6 
45 2.9 

180 13 

140 15 


equivalent to the population in the UK and in North America 
(United Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR), 1982) The H, value for chest CT 
examinations m relatively high at 478 mSv which reflects the 
high radiation doses received by the radiosensitrve organs of 
the lungs, breasts and thyroid (Table I) and is approximately 
comparable to the current annual whole-body dose equivalent 
limit for members of the public. The average Hy, value for 
pelvis and abdomen CT examination is about 24 mSv with 
approximately 50% of this H, value due to the production of 
serious genetic disorders in the first two generations of an 
radiated mdividual’s offspring. In companson, the genetic 
component of the value of Hg for head and chest examinations 
is negligible and reflects the relatively small radiation doses to 
the gonads for these examinations. 

The values of Hp for CT examinations generated here can be 
directly compared with the corresponding values of Hj 
obtained in nuclear medicane examinations The average value 
of Hp for 22 **Tc* procedures (Johansson et al, 1984) was 
0.013+0.010 mSv/MBq. Taking the typical ?*Tc" procedure 
to involve an administered activity of 370 MBq, the average 
value of Hg 1s 4.8 mSv, which 1s equal to the Hp value for a 
chest CT examination and a factor of six higher than a head 
CT examination performed on an EMI 5005 CT scanner. 

The radiation risk esumates from radiological examinations 
as expressed by the value of H, can be compared with the 
estimated rsks of d from tung cancer due to smoking 
cigarettes (1.4x 10 ' death/agarette) or dying m an auto- 
mobile accident (5.6 x 107* death/mile driven) (Hall, 1978). On 
this besis, the current annual whole-body dose equivalent limit, 
Hy, of 5 mSv for members of the public 1s comparable to the 
risk from smoking 30 packs of 20 cigarettes or the rsk in 
driving 1500 mules. It is important to use this type of, 
intercompanson with a degree of caution due to considerable 
uncertainties associated with both the radiation and non- 
radiation mak estimates. They do, however, offer a useful 
yardstick that may be helpful as an educational aid both for 
the radiological profession and for members of the public. 
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RSU-1069 is the principal member of a new group of hypoxic- 
cell radio- and chemo- (“mixed function") sensitisers. They 
contain both a 2-nitrommidazole ring similar to that of 
musonidazole and an aziridine nng which may function to bind 
the molecule to DNA (Adams et al, 1984, Walling et al, 1986) 
The compound was selected for clinical evaluation because of 
the high sensitiser enhancement ratio (SER) achieved following 
radiotherapy of hypoxic cells m vitro and in anmal tumour 
studies (Adams et al, 1984), at 0 2 mau RSU-1069 the SER was 
2.0 (cf 0 2 mm misonidazok, SER < 1 6) and the concentration 
of RSU-1069 required to achieve an SER of 16 (Cię) was 
7.5x107*m to 1x107^*« (cf misonidazole C; «= 3x10 x) 
(Adams et al, 1984; Ahmed et al, 1986). 

À toxicity study has been performed to define the tolerated 
single dose in man, and the plasma pharmacokinetics of RSU- 


1069 have been analysed in three patients treated at the high 
end of the dose range studied. 


PATIENTS AND METHODS 

RSU-1069 (NSC 347503, = 1-(2-nitro-1-umidazolyl)-3-(1- 
azndinyl-2-propanol) was prepared as previously described 
(Adams ect al, 1984) It was supplied by the MRC 
Radiobiology Unit, Didcot, and stored in crystalline form at 
— 20°C, shielded from light. Within 24h of use, the required 
dose was dissolved in 100 ml of 0.1 M sodium bicarbonate 
solution and stored, shielded from light, at +4°C Administra- 
tion was by & 17-19 min intravenous infusion. Having given 
full informed consent, seven patients received RSU-1069, three 
at a dose of 35 mg m ^?, three at a dose of 70 mg m~? and one 
at a dose of 80mg m`? (sec Table I). Plasma pharmaco- 


TABLE I 
Pras I srupy of RSU-1069 IN SEVEN PATIENTS 


Patient age (years) Diagnosis Dose of RSU-1069 Toxxaty Duration (h) Grade" 
(mg m?) 
39 Teratoma 35 Nausea, 2 2 
vomiting 
67 Adenocaranoma, lung 35 None — 0 
57 Adenocarcinoma, lung 35 Nausea, 2 2 
vomiting 
64 Squamous carcinoma, 70 Nausea, 2 3 
lung vomiting 
33 Ewing's sarcoma 70 Nausea, 4 4 
vomiting 
42 Teratoma 70 Nausea, 4 4 
vomiting 
43 Liposarcoma 80 Nausea, 2 3 
vomiting 


*WHO (1979) 
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kinetics were studied in the three patients treated with 
70-80 mg m~? doses Venous blood samples were taken before 
infusion and at periods afterwards for 1-24h. Plasma was 
separated immediately by centrifugation and samples cither 
kept on ice and analysed the same day, or stored frozen at 
— 20°C 

Pre-treatment assessments included full physical examma- 
tion, laboratory tests of marrow, kidney and hver function and 
a chest radiograph. During and 2h after the infusion, pulse 
and blood pressure were recorded at 15 mm periods for 1h 
and tben at penods of 30 min. These were then recorded every 
4 h for 24 h. The laboratory tests were repeated after 24 h and 
then weekly for 3 weeks Clinical assessment was repeated at 6 
weeks 


RSU-1069 was assayed by reversed-phase high-performance 
liquid chromatography (HPLC) on a Waters Associates 
Chromatograph. Separation. was performed on a Waters 
Radia-PAK, u BONDAPAK cyanopropyl (CN) cartndge, 
using a 10mm NH,H,PO, buffer, pH 3, with a methanol 
gradient of 30-50% (Workman, personal communication, 
1984) The compound was detected at 313 nm with a Waters 
model 440 absorbance detector 

An aliquot of the injected drug solution was assayed at the 
tme of treatment in three patients and no breakdown products 
were detected 

Plasma levels were fitted to a two-compartment open model 
using a non-linear least-squares analysis (Sampson, 1970). The 
values obtained for the two-compartment model were 
corrected for the infumon period as described by Loo and 
Ruegelman (1970) From the corrected values, the alpha- and 
beta-phase half-lives (tın), total plasma clearance, area under 
the plasma concentration versus time curve (AUC) and steady- 
state volumes of distribution were calculated using the 
equations descnbed by Wagner (1975). 


RESULTS 

As seen in Table I, the major toxicity was gastrointestinal. 
Typically, the patient felt well for 2h following the infusion, 
then severe nausea and frequent vomiting for approximetely 
2-4h No symptoms attnbutabk to the treatment remained 
the following day and thereafter There was no clinical or 
laboratory evidence of neurological, renal, bepatic, lung or 
cardiac damage. 

Nausea and vomiting appeared refractory to antiemetic 
drugs The following were given by intravenous injection 
30 min before the infusion of RSU-1069: 10 mg metociopra- 
mide to two patents; 25 mg chlorpromazine to one patient; 


TABLE II 

PLASMA PHARMACOKINETICS OF RSU-1069 IN THREE PATIENTS 
Dose (mg m~?) 70 70 80 
Total dose (mg) 140 126 136 
Curve (Fig 1) e Q V 
Half-life (min) 

alpha phase 6.5 55 4.7 

beta phase 123.3 69 3 67.2 
AUC 180.2 276.9 202 7 

(ug ml”! min m^?) 

ce 194 3 140.4 232 | 

(ml min ^! m~?) 

Volume of 30.0 12.5 21.3 


distribution (1 m^?) 


50 
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Fall in plasma level of RSU-1069 in three pabents following 15 
min intravenous infusions @ 70 mg/m^, O 70 mg/m?, V 
80 mg/m? (1 m RSU-1069 = 212 gi ^!) 


12.5 mg prochlorperazine to one patient, 10mg dexa- 
methasone to one patient, and 10mg dexamethasone and 
25 mg chlorpromazine to one patient. Also, established nausea 
was treated with 10mg intravenous metoclopramide or 
12.5 mg prochlorperazine, and though nausea was not relieved 
within lh, it is not possble to be certam whether this 
symptom became loss severe. 

The plasma pharmacokinetics following infusion of RSU- 
1069 were mvestigated in three patients The fall in plasma 
level was biphasic (Fig 1) with a tın alpha of 4.7—6.5 min and 
a tj beta of 67-113 min (see Table II). The calculated total 
area under the plasma concentration curve ranged from 180 to 
277 mg ml! mn m~?. 

The plasma concentration curves would indicate that 
following the 1nitial distribution phase, levels of approximately 
10-20 ua RSU-1069 were maintamed for 20-40 mun, this 
phase occurring approximately 15 min after mfumon 


DISCUSSION 

This study has demonstrated a dose-limiting toxicity of the 
mixed function hypoxic-cell radiosensitiser RSU-1069. This 
toxicity consisted of nausea and vomiting which was severe at 
a dose of 70 mg/m?. This dose achieves a plasma level 30 min 
after infusion of approximately 10—20 uw and extrapolating 
from vitro data, this would correspond to a SER in hypoxic 
cells of only 1.2 (Adams et al, 1984) In the clinical context of 
fractionated radiotherapy, allowing reoxygenation and 
considerng the unimpressrve clinical results of the use of 
misonidarole with radiotherapy, it is extremely unlikely that 
this degree of radiation enhancement would be demonstrably 
useful (Brown, 1984), 

The SER ın tumours would be higher if there was selective 
uptake of RSU-1069. An initial report based on a study of 
KHT tumours in C3H/He mice the contrary, with a 
tumour concentration only 29% of that of plasma over the 
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20-90 min following intrapentoneal injection (Workman & 
Walton, 1984). However, a study on the B16 melanoma m C57 
Black mice has shown selective tumour uptake both for RSU- 
1069 and for the analogues RSU-1164 and RSU-1172 (Deacon 
et al, 1986). Tumour-to-plasma ratios of 3.7-4.0 were 
demonstrated with these drugs Selective uptake in normal 
ussues was not found and, m particular, the brain-to-plasma 
ratio with RSU-1069 was jess than unity The explanation for 
the difference between these reports is not clear, and it may be 
that a selectrve uptake only occurs in certain tumours. RSU- 
1164 and RSU-1172 are less toxic than RSU-1069 in mxce and 
wil be investigated further, with a view to clinical studies 
(Ahmed et al, 1986). 

RSU-1069 may have clinical applications in oncology other 
than as a radiosensitiser. Nitroimidazoles have been shown to 
potentiate the antitumour effects of alkylating agents m vivo 
(Rose et al, 1980); for example, in mice bearing intramuscu- 
lariy-implanted MT tumours, RSU-1069 has been found to be 
the most effectrve potentiator of Melphalan when compared 
with a range of other nitromidazoles (Sheldon et al, 1982, 
Adams et al, 1984), Also, RSU-1069 is a potent hypoxic-cell 
cytotoxin (Ahmed et al, 1986); it has been shown to be 
approximately 100 trmes more toxic to hypoxic than aerobic 
cells m vitro Manipulation of the degree of tumour hypoxia 
uxng drugs which displace the oxyhaemoglobin dissociation 
curve (Adarns et al, 1986) may further increase the therapeutic 
ratio from this approach. 
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(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


Intracranial Hodgkin's disease: a primary 
presentation and access of cytotoxic agents 


[HE EDITOR— SIR, 
Further to the report by Blake et al (1986). we have also seen 
two cases of intracranial Hodgkin's disease in this department 
during the past year. One was a primary presentation in a 62 
year-old man, occurring as a solitary right. fronto-temporal 
mass. Ten months after complete excision and whole-brain 
irradiation he is alive and free of systemic disease and 
intracranial recurrence (Ashby et al, case report in prepara- 
tion). Histological examination showed this to be nodular 
sclerosing Hodgkin's disease (Grade | lymphocyte and histio- 
cyte predominant subtype). The second case is reported briefly 
below to illustrate two interesting aspects 

An I8-vear-old girl presented in March 1985 with Stage IIB 
nodular sclerosing Hodgkin's disease. She had right supraclavi- 
cular and pre-tracheal lymphadenopathy. Chest radiography 
showed widening of the mediastinum and nodal disease was 
confirmed at this site with computed tomography (CT); CT 
of the abdomen and pelvis, staging laparotomy and bone 
marrow examination were negative. She was managed with 
mantle irradiation 

She remained well until December 1985 when she returned 
with right-sided sciatic pain and subcutaneous nodules in the 
pre-auricular These were biopsied, and recurrent 
While she was being staged she was 


region 
disease was confirmed 


admitted as an emergency case after a grand mal convulsion 





FIG | 


CT scan showing intracranial mass and soft-tissue extracranial 
lesion overlying the same site 


On examination she had evidence of L5/S1 right-sided root 
compression, but no other focal neurological signs. A firm 
mass, diameter 5cm, was noted on the vertex of the scalp 
Cranial CT showed a brightly enhancing mass adjacent to the 
skull vault high in the left parietal region, compressing 
underlying brain with some associated white-matter oedema 
(Fig. 1). There was also a similarly brightly enhancing soft- 
tissue extracranial lesion overlying the same site. The skull 
vault was intact at bone settings. Skull radiographs showed no 
bony Abdominal CT revealed nodal 
recurrence, with right lower para-aortic and iliac extension 
associated with destruction of the tip of the transverse process 
of LS and obliteration of fat within the spinal canal. No 
tumour cells were identified within the cerebrospinal fluid on 
cytospin examination, but a single intrathecal injection of 
methotrexate (10 mg) was given at this first diagnostic lumbar 
puncture. She was treated with. combination. chemotherapy 
(ChLVPP), and after three courses there was considerable 
intracranial (Fig. 2) and the 
extracranial lump had disappeared. Cranial irradiation. has 
been withheld, but will be considered to consolidate central 
nervous system (CNS) response if she achieves. complete 
remission at other sites, or for progressive CNS disease. She ts 
presently well and free of symptoms and continuing to receive 
chemotherapy 
[here are two points worthy of note in this case. The first is 
the presence of a scalp mass with à meningeal mass underlying 
it. with normal bone between the two, suggesting that spread 


erosion extensive 


regression of the lesion 





FIG 2 


CT scan after three courses of chemotherapy 
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has occurred through the emissary veins of the skull, although 
the direction of spread 1s not known. Secondly, cytotoxic drugs 
were almost certainly able to gain access to the meningeal 
tumour, either by the same route or as a result of disruption of 
the blood-brain barrier It seems very unlikely that 10 mg of 
intrathecal methotrexate would have produced such a 
response. 


Yours, etc, 
M.A ASHBY 
D BOWEN 
J. V. Watson 
University Department of Clinical Oncology and 
Radiotherapeutics, 
University of Cambridge School of Clinical Medicine, 
Addenbrooke’s Hospital, 
Hills Road, 
Cambndge CB2 2QQ 
(Recerved June 1986) 
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Proposal to withdraw Min R film 


THe Eprror—-Sir, 

It is a matter of great concern to us that we learnt from a 
carcular distributed by Messrs Kodak Limited in August 1986 
of their intention to discontinue the supply of Kodak Min R 
film for mammography from the end of 1986. Our paper 


(Kirkpatnck & Law, 1987) reports a study which confirms 
previous work indicating that, of available black and white 
films for mammography, Min R film currently represents the 
best balance between image quality and dose Subsequent 
work by us on Ortho M and PE 205, which are offered by 
Kodak as replacements for Min R, produced poorer mage 
quality (Kirkpatrick & Law, 1987, addendum). 

It uw unfortunate that notice of withdrawal of this film 
coincides with pubbcation of data showing it to be the most 
suitable for mammography It should also be noted that 
removal of Min R film from the market will increase the gulf 
between the performance of Medichrome Blue film and its 
nearest black and white nal, thereby considerably strengthen- 
ing the argument for the use of Medichrome film despite the 
complications of different processing chemistry and viewing 
conditions. 

We would urge those who are regular users of Min R fitm to 
communicate their feelings direct to the company 


Yours, etc., 
A. E. KIRKPATRICK 
*j Law 
Department of Radiology, 
Royal Infirmary, 
Edinburgh, and 


*Department of Medical Physics and Medical Engineering, 
Edinburgh University and Western General Hospital, 
Edinburgh 

(Received September 1986) 
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New Editor for 
the Journal 


Dr Nicolas J. McNally takes over from 
Dr John  Haybittle as non-medical 
Editor of The British Journal of 
Radiology with effect from January, 
1987. 


Nic McNally is well known as a 
radiobiologist with a wide range of 
interests both in his subject and outside 
it. From Dartington School in Devon he 
went to Bristol University where he 
obtained a B.Sc. (2i) in physics in 
1962, adding a Postgraduate Certificate 
in Medical Physics in 1963. He then 
Studied radiobiology under Dr Neil 
Gilles at the Middlesex Hospital 
Medical School, obtaining the M.Sc. in 
Radiation Biology and Radiation 
Physics of London University. 

in 1965 he went to work at the MRC 
Experimental Radiopathology Research 
Unit at Hammersmith Hospital, under 
the eagle eye of Dr Tikvah Alper, and he 
obtained his Ph.D. while working there. 
Dr Alper has remained a strong 
influence on his radiobiological think- 
ing. as indeed on the thoughts of many 
other scientists. While at the MRC unit 
he became an expert in animal-tumour 
radiobiology, developing from Dr Hugh 
Thomlinson's rat tumour a line of cells 
which would grow equally well in 
culture dishes or when implanted sub- 
cutaneously into rats as a tumour. There 
are still only a few such animal tumours 
available in the world. He set out to 





correlate cell survival after radiation 
treatments with factors that could be 
observed in the tumours in situ, such as 
regrowth delay. He investigated the 
effects of X rays, neutrons, hypoxía, and 
phase of the cell cycle on sublethal and 
potentially-lethal damage, among other 
projects. 

In 1972 he went to the Gray 
Laboratory of the Cancer Research 
Campaign at Mount Vernon Hospital, 
where he is now the Head of the 
Tumour and Cellular Radiobiology 
Section, and also the Animal Curator. 
He extended his techniques to other 
animal tumours, to radiosensitisers, 
chemosensitisers and combinations of 
neutrons and X rays. More recently he 
has been placed in charge of the flow 
cytometer at the Gray Laboratory and 
has developed a rapid assay for human 
tumour-cell proliferation rate, jn 
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collaboration with Dr Dische at Mount 
Vernon Hospital, using the monoclonal 
antibody to the DNA precursor BUdR. 
He has supervised and collaborated 
with many visiting workers from 
Overseas and is much in demand as a 
lecturer both in this country and abroad. 
He is currently the Secretary of the 
Association for Radiation Research. 

As well as all these scientific 
activities, Nic McNally and his family 
have a wide circle of friends in musical, 
theatrical and other circles. Nic is also a 
natural sportsman, being a squash ace 
until recently and a strong cricketer still. 

He brings to his editorial responsibili- 
ties not only a wide range of scientific. 
knowledge, but also a very sensible 
approach to practical problems. He has 
been a Deputy Editor of the BJA since 
1981 and an Associate Editor before 
that. 





President's 
dinner 


The BIR President's Dinner was held in 
the Library of the Institute on the 
evening of Thursday, September 25. 
Council members and their partners 
attended for the speeches, buffet supper 
and the handing over of the badge of 
office to Professor Roger Berry by 
Professor Peter Wells, who in return 
was given his Past President's medal. 
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Miss Susan Johnstone, General 
Secretary, with Professors Berry (left) 
and Wells. 
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Obituary 


George Richard Newbery, 0.B.E., 
F.Inst. P. 

Dick Newbery, for 23 years manager of 
the physics department and senior 
radiological safety adviser at the Radio- 
chemical Centre, now Amersham Inter- 
national, died suddenly on June 12 this 
year at the age of 66. 

Dick Newbery began his professional 
career during the war at the Army Radar 
Establishment at Malvern (later RRDE). 
After the war he joined the Medical 
Research Council (MRC) as a radiation 
physicist, becoming Senior Physicist at 
the MRC  Radiotherapeutic Research 
Unit at Hammersmith Hospital. During 
this period the main need in radio- 
therapy was to develop X-ray 
machines to work at energies higher 
than 250 kV, which was the standard 
energy for deep ray treatment. The 
MRC decided to support the develop- 
ment of linear accelerators in collabora- 
tion with Metropolitan Vickers Ltd and 
Dick Newbery was appointed to repre- 
sent the MRC in the project. With Paul 
Howard-Flanders, he invented the 
principle of isocentric mounting for 
therapy machines, now used univers- 
ally. The prototype machine was 
installed in the MRC Unt at 
Hammersmith Hospital in 1953. The 
success of the linear accelerator as the 
main instrument for modern radio- 
therapy is in a large measure due to 
Dick's ability and hard work. 


When the MRC cyclotron started 
working in 1955, Dick transferred most 
of his efforts to the production of 
radionuclides and to measurements of 
the neutron beam. In 1959 he left his 
post at Hammersmith to join the 
Radiochemical Centre at Amersham as 
manager of the physics department. 

By this time the Radiochemical 
Centre had become established as the 
UK centre for commercial exploitation 
of radionuclides and was already the 
world's leading exporter of radio- 
nuclides, with 6096 of its production 
going to customers overseas. Produc- 
tion was expanding rapidly and Dick 
quickly channelled his energies into the 
technical and commercial developments 


needed to support the expanding 
organisation. 
Within his own department he 


developed expertise in methods for 
accurately calibrating a wide variety of 
radionuclides and introduced calibrated 
solutions of radionuclides as a 
commercial product line. He also built 
up a team to exploit rapidly-develop- 
ing electronics technology to supply the 
needs of the production and develop- 
ment teams for sophisticated instru- 
mentation. Over the next 20 years, 
state-of-the-art and, often, unique 
instruments were invented to back 
up the rapid technical developments in 
other areas of the Centre’s operations. 
Last, but not least, Dick developed and 
strengthened his department's influence 
in all matters relating to radiological 





The International Working 
Party for the Diagnosis 
and Treatment of Cancer 
of the Cervix in Develop- 


ing Areas 

This informal association of radio- 
therapists, gynascologists and 
physicists from industrialised and 


developing areas was formed in New 
York in 1971 at a congress discussing 
the hazards associated with the use of 
sources of radium 226, which was 
chaired by Dr Norman Simon of Mount 
Sinai Hospital, New York. At that time, 
increasing appreciation of these hazards 
had shown us the need to change to 
substitute sources and  afterloading 
techniques: the need for this improved 
technology in developing areas was 
included in the full name of the 
Working Party. Increased and improved 
facilities for diagnosis and treatment 


were particularly important in develop- 
ing areas where the disease is especially 
common among women in low socio- 
economic groups, and where early 
marriage, multiparity and other factors 
important in the aetiology of this 
disease are prevalent, diagnosis is 
almost always late and treatment often 
not achieved at all. Radiotherapists from 
Mexico, South America, India, Yugo- 
slavia, Egypt and Nigeria were all 
working to alert their public and 
governments to the importance of this 
disease and the possibilities offered by 
its adequate and early treatment, which 
clearly must be available on a national 
scale, and the International Working 
party was formed in order to assist in 
this effort. To do this we planned to 
meet regularly in developing countries 
at the invitation of one of our members 
and his association. 

in 1972 about 30 of us met at the 
WHO in Geneva and since then we 
have met every two years: we have been 
to Rio de Janeiro, Hyderabad (India), 
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safety. The safe operation of the com- 
pany's very varied production processes 
owes much to Dick's foresight. 

Dick Newbery did not confine his 
interests to his own department. He 
became thoroughly immersed in all 
aspects of the Centres work. He was 
deeply involved in the project to install 
the first radionuclide-producing 
cyclotron at the Centre. This machine 
was installed in 1965 and continues to 
produce radionuclides to this day, on a 
remarkably high duty cycle. Dick's 
career lasted to see the introduction of 
the company’s second radionuclide- 
producing cyclotron in 1982. He was 
also closely associated with two other 
major developments which had lasting 
influence, the planning and introduc- 
tion in 1968 of the Centres first 
computer system for processing incom- 
ing orders, and the planning and 
development of the company's second 
major manufacturing site, at Cardiff, 
which began operation in 1979. He was 
awarded the O.B.E. in 1979 and retired 
in 1983. 

Dick Newbery's professional career 
spanned periods of very rapid technical 
development in the organisations for 
which he worked, That the projects 
with which he was involved have been 
outstandingly successful is a tribute to 
Dick's integrity, ability and hard work. 
in addition to his scientific skills, he 
was an excellent organiser and admin- 
istrator. 

A. McNair 


Belgrade and Kladova, Cairo, Istanbul, 
Mexico City, Bangkok and ChiangMai. 
Our ninth meeting, on January 23, 


,1987, will be held in Calcutta at the 
invitation of Dr Saroj Gupta and the 
West Bengal 


Branch of the indian 
Radiological and Imaging Association. 
Oncologists from 43 countries have 
attended our eight meetings—-150 
delegates in Thailand included 100 
members of the Working Party from 22 
countries. The Working Party remains 
independent of other bodies, although 
it is sponsored scientifically by the 
WHO and the IAEA, There are no 
official delegates and any expert with 
interest and experience in any aspect of 
the problems of carcinoma of the cervix 
is welcome at any meeting. Reports on 
our meetings are sent to the WHO and 
the IAEE, which have often participated: 
a full report of the proceedings of the 
eighth (Thai) meeting was edited by Dr 
R. F. Mould with the assistance of Dr 
Kawee Tungsubutra and Dr Mould will 
be editing the report of the Calcutta 
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meeting in collaboration with Mr A. 
Bose of Calcutta. 

Over the years we have developed the 
pattern of our meetings. The members 
of the Working Party meet as a round 
table: 100 or more face each other at a 
circle of tables filling the room and 
discuss a wide variety of matters; papers 
are sent in and printed in advance but 
are not read in detail, and since they are 
already available and all members are 
experts, discussions are as spontaneous 
as possible and illustrated by slides. The 
chairmen at Calcutta will be Dr 
Margaret Snelling, London, Dr Daniel 
Chassagne, Villejuif, and Dr Saroj 
Gupta, Calcutta, Since the sad loss of 
Dr Norman Simon, founder member, in 
1985, his place has been taken by Dr 
Chassagne. The subjects for discussion 
and the location of the next meeting are 
decided by the members at the first and 
iast sessions. 

Since the first meeting, in Rio de 
Janeiro, the round table has been 
followed by an “Encuentro” or interna- 
tional conference organised by the host. 
At this we are joined by oncologists of 
ali kinds including administrators and 
public health experts, as weil as 
surgeons and family doctors, patholo- 
gists, physicists and statisticians, etc. 
They come from centres all over the 
host country and neighbouring 
countries, for instance in 1987 the 
South-East Asia Regional Office of the 
WHO are publicising the Calcutta 
meeting and assisting delegates to 
attend in the 10 countries in their region 
which may adopt the methods to be 
discussed. At this conference there are 
didactic lectures and discussions 
planned to cover topics of special 
regional importance: in Calcutta the 
subject of the conference will be the 
plight of the village woman with 
carcinoma of the cervix in South-East 
Asia. Papers and reports from both 
meetings are published in the 
proceedings. 

The International Working Party, in 
spite of meeting only in distant, 
developing areas and its interest in 
international health, has no funds, and 
many of us believe that this has 
encouraged our independent and active 
meetings. We have always agreed that 
members from industrialised countries 
will cover their own travel and hotel 
expenses without assistance from the 
agencies, but the regional agencies of 
the WHO may be .able to assist some 
delegates nominated to attend the 
meetings, as is being done by the 
South-East Asian Regional Office for 


(. the Calcutta meeting. 


It is our pride that there is no 
registration fee"for our meetings, but of 
course we owe a great deal to our local 
hosts and their friends. 

At our previous meetings we received 
generous assistance from a number of 
firms interested in brachytherapy, which 
participate in the meetings and also 
demonstrate and explain their wares. 
Amersham international pic, Buchler 
GmbH, CGR/Ons, Nucletron Trading 
8V and Sauerwein GmbH all supported 
the Thailand visit where they helped our 
running expenses significantly, as weil 
as helping to publish the proceedings 
within the year and the posting of 133 
volumes to the delegates. 


IAEA/WHO project in Egypt 

Discussions at meetings in which we 
were joined by Dr Racoveanu of 
Geneva and Dr Chris Taylor of Vienna 
stimulated much interest and inspired a 
combined [AEA/WHO project in Egypt 
where, generously financed by the 
italian Government and supported by 
the Egyptian Government, Dr Mahfouz, 
as Director, is developing a national 
scheme for early diagnosis and treat- 
ment, near the patients homes, of 
women with carcinoma of the cervix. 
With a central reference laboratory in 
Cairo University and five peripheral 
laboratories covering the country which 
receive slides and information from 19 
collecting stations, a cytology smear 
service includes all women between 25 
and 60 years old seen in those 
hospitals. At the same time, and based 
on the Nemrock Hospital at Cairo 
University, a network of five university, 
six general and seven district hospitals 
collaborate in creating new 
brachytherapy treatment centres in 
these hospitals, where teams of radio- 
therapist. gynaecologist and physicist 
are provided with afterloading sources 
of caesium 137 (Amersham/ 
Manchester system). Protocols agreed 
by an IAEA/WHO advisory committee 
define the stages of the disease, the 
management of the patients and the 
exact technique to be used. Full details 
Of clinical data, treatment and results 
will be collected and analysed in Cairo 
together with the results of the cyto- 
togical smear service. It is hoped that 
this project, which will last for six years 
altogether, will be followed by similar 
projects in other countries and that the 
Working Party may later also consider 
the problems of accessible squamous- 
cell carcinoma in the oral cavity and 
skin and penile carcinoma. 


in 15 years many subjects have been 
B69 


| BIR Bulleti 


discussed at our round tables: we 
started with radioprotection and the 
hazards associated with the use of 
radium 226: there has been some 
improvement in the world since then, 
but all radium has not yet been 
withdrawn and substitutes supplied. 
Early discussions covered the gradual 
introduction of cobalt 60, caesium 137 
and iridium 192 and we spent many 
hours discussing the sources available, 
the properties of the ideal afterloaded 
applicator and the dosimetry achieved, 
using manual and remote techniques. 
We talked of the advantages and 
disadvantages of conventional and high 
dose-rate therapy and of all aspects of 
dose, time and fractionation. We have 
discussed the development of a national 
oncology service, the place and work of 
university, regional and district 
hospitals, the organisation and training 
of diagnostic and training services and 
the equipment required. Recently there 
has been increasing talk of the place of 
the primary health service in the 
diagnosis and treatment of early cancer. 

An international — workshop to 
consider the place of high dose-rate 
therapy was heid in London in 1978 by 
members of the Working Party who had 
used these techniques, and the second 
workshop was held in Giessen this year, 
chaired by Professor Helmut Vahrson of 
the  Justus-Liebig University. This 
important and exact technique has 
significant advantages for patients and 
staff in the crowded centres in develop- 
ing countries. 


invitation to new members 

Many of us attend these meetings 
regularly, as we have found in them that 
ideal atmosphere best available in a 
small meeting of friendly international 
experts all concentrating on a small 
group of well understood problems. We 
have all learnt a great deal from each 
other and believe that together we have 
advanced the spread of modern brachy- 
therapy in developing areas and that 
this will be followed by the develop- 
ment of full radiotherapy departments 
with teletherapy and multidisciplinary 
oncology available to all. 

We welcome to our meetings 
graduates or technicians with experi- 
ence as experts in the subject. Informa- 
tion is available through any of the 
chairmen: Dr Margaret Snelling, 7 Elm 
Place, London SW7, England, Dr Daniel. 
Chassagne, institut Gustave Roussy, 
94800 Villejuif, France, and Dr Saroj 
Gupta, Cancer Centre & Welfare Home, 
Thakurpukur, Calcutta- 700 063, India. 

MARGARET SNELLING 
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The 14th International 
Cancer Congress, 
Budapest, Hungary, 
August 21-27, 1986 


There were over 7000 delegates from 
79 countries attending the congress. On 
each of the five working days there 
were a multitude of scientific sessions 
to attend, but three one-hour long 
sessions (in the morning at 8.30 a.m., in 
the afternoon at 1.30 p.m. and in the 
evening at 6 p.m.) were simply devoted 
to plenary lectures when the whole 
conference was invited to listen to one 
single eminent specialist reviewing his 
area of interest. The titles of these 
lectures largely reflected current major 
interests and included "Advances in 
oncogene research", "The biochemical 
basis of cancer chemotherapy", "Mono- 
clonal antibodies" and "The biology 
and epidemiology of retro viruses”. 
After the early plenary lecture there 
were between 12 and 19 simultaneous 
symposia every morning at each of 
which there were eight 20-minute 
presentations. In the afternoon there 
were 25 to 35 round-table or panel 
discussions which were really rather 
similar to the symposia, except that the 
presentations were limited to 15 
minutes and 10 minutes, respectively. 
Finally, on each day there were some 40 


poster sessions, with up,to 20 posters in 
each which were discussed between 5 
and 6 p.m. Each delegate was given a 
set of books weighing over 3kg and 
containing over 5000 abstracts. With a 
programme of this size it was difficult 
for any one person to sample more than 
an insignificant proportion of the 
proceedings of the congress. 

Subjects of special interest 
throughout the meeting must include: 
monoclonal antibodies, oncogenes, 
retro viruses, AIDS and interferon, with 
many sessions devoted to these 
subjects. There was a change in interest 
in cytotoxic chemotherapy from new 
drugs to new ways of using the old 
ones by modification of biological 
responses. 

There were sessions on radiotherapy 
and radiobiology which reviewed broad 
areas of current interest such as: the 
causes of radioresistance, drug inter- 
action, radiation. damage and repair, 
radiation. treatment planning and the 
use of neutrons, protons, pimesons and 
heavy particles. Some of these sessions 
went extremely well, bringing together 
experts in the field and generating some 
new information and useful discussion, 
while others were less satisfactory. 

Of special interest was a lecture given 
by Dr Laszlo Lajtha on Hevesi's role in 
the development of nuclear medicine. It 
was fascinating to learn of this eminent 
Hungarian's international career and his 


many contributions to the science of 
nuclear medicine. 

The arrangements for an enormous 
international meeting of this sort are, 
inescapably, complex and problems 
always arise. On the first day there were 
great difficulties because of the siting of 
10 symposia under the same roof, with 
the sessions separated by thin, two- 
metre high partitions. A cacophony of 
sound led to an almost complete 
swamping of all communication and 
only with the greatest difficulty were 
these sessions completed. The 
organisers, however, quickly responded 
and with the use of an earphone system 
there was great improvement by the 
following day. 

Social events were highlighted by an 
evening reception when the numbers 
were so great that those at the meeting 
had to be divided between the Houses 
of Parliament and the National Gallery. 
We all enjoyed the splendour of those 
buildings and the excellence of the 
wine and food. Most found Budapest to 
be a pleasant city, with good com- 
munications by the metro system and 
by the taxis which were, when the 
meters worked correctly, quite cheap. 
The congress was a good occasion to 
meet old friends and make new ones. 
Our Hungarian hosts went to great 
efforts to entertain us and we were all 
very grateful to them. 

STANLEY DISCHE 





Press releases 


High sensitivity whole-body 
monitor for india 

The Nuclear Enterprises whole-body 
monitor NE8114 uses blocks of NE110 
plastic scintillator to achieve almost 3 x 
coverage of a human body, yielding a 
figure of merit of 44 cps per gram of 
potassium. 

The system is to be supplied to the 
Institute of Nutrition, Hyderabad and 
was purchased by the UK Government's 
Overseas Development Agency to 
enable research to be carried out for the 
determination of the most efficient 
nutrition programmes for expectant and 
nursing mothers. By studying the 
incorporation of potassium and calcium, 
the ability of the mother to absorb 
proteins from the food she eats is 
determined. The system is so sensitive, 


it can rapidly measure the total 
potassium content of a  baby—a 
measurement which is not readily 


achievable by any other system. 


Philips Tomoscan on the move 

As part of its on-going computed 
tomography (CT) programme, Philips 
Medical Systems has recently 
introduced the Philips mobile CT 
scanner, which comprises the Philips 
Tomoscan scanner installed in a 
purpose-built trailer. Supplied on a 
turn-key basis, the Philips Mobile 
Tomoscan scanner can be designed tc 
users specifications and is powered 
during operation by either direct link-up 
to the hospital's mains supply or by a 
separate diesel generator. The system is 
fully operational within 30 minutes of 
arrival on-site. 

The first Philips mobile Tomoscan 
scanner in Europe was built to special 
order for the Clinica San Pio X of Milan, 
italy. it uses a standard Philips 
Tomoscan scanner installed in a special 
vehicle, purpose-built by Smit Mobile 
Equipment B.V. in The Netherlands, 
under the supervision of Philips Medical 
Systems. The mobile scanner will be 
used by several hospitals within a 
500 km radius of Milan and will be 
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operated by a team of CT specialists 
from the Clinica San Pio X. 

Further information is available from 
Philips, Postbus 523, 5600 AM 
Eindhoven, The Netherlands. 


The Leukaemia Research Fund 

The Fund has celebrated its Silver 
Jubilee—25 years in which great 
advances have been made in the 
successful treatment of leukaemia. A 
jubilee appeal target of £5 million has 
now been set to finance an intensive 
new programme of research, which it is 
hoped will make leukaemia the first 
cencer to be defeated. 

This year has already seen the open- 
ing of two unique research centres at 
the Universities of Leeds and Glasgow 
to study the incidence and distribution 
of leukaemia and the role of viruses in 
human leukaemia. Further major 
research programmes are planned to 
look at genetic disposition to the 
disease and to improve treatments for 
beth children and adults. 
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Library news 


The BIR Library is open weekdays 
9 a.m.-5 p.m. (7 p.m. on 
Thursdays) 


The Librarian, Mrs Gunnel Ingham, is in 
attendance Tuesdays 11a.m.-5p.m, 
and Thursdays 11 a.m.-7 p.m., and Mrs 
Angela Lansdown, daily 9a.m.-5p.m. 
(Tel. 01-580 4085). 

The journal stock includes more than 
100 titles. Though journals may not be 
taken out of the library, there is a 
photocopy service, also available by 
post A list of current journals is 
available on request and is also 
published in the March and September 
issues of the Bulletin. 

Most books (excepting the historical 
collection) are available on loan. 


Recent additions to the Library 

BSI: Annual report 1985/86 

Bolla, M., Racinet, C. & Vrousos, C. 
(Eds): Endometrial cancers. 1985 

HPA: Measurement of the performance 
characteristics of diagnostic X-ray 
systems used in medicine. Part 5: 
Conventional tomographic equip- 
ment. 1985 

Swallow, R. A. & Naylor, E. (Eds): 
Clark's positioning in radiography. 
11th edit. 1986 

Williams, C. J. & Whitehouse, J. M. A. 
(Eds): Cancer of the female reproduc- 
tive system. 1985 

Williams, E. D. (Ed.): An introduction to 
emission computed tomography. 
(IPSM report No. 44). 1985 


Scientific document 
EC Directive 84/466/Euratom: Draft 


regulation protection of persons 
undergoing medical examination or 
treatment regulations 1986. A copy of 
draft regulations and BIR comments are 
now filed in the Library. 


ICR volumes 
wanted 


The BIR Library possesses material 
from most (but not all) International 
Congresses of Radiology, but the 
Institute should have a// these books 
and pamphlets. The librarian would 
be very grateful for help to fill the 
gaps. 
















BIR calendar 
events 


Unless otherwise indicated. enquiries 
about the following events should be 
addressed to the Assistant Secretary: 
Programme, British institute — of 
Radiology, 36 Portland Place, London 
WIN 4AT (Tel. 01-580 4085). 

The meetings are at 36 Portland Place 
unless otherwise stated. Attendance is 
open to non-members. 


Practical Aspects of Magnetic 
Resonance Imaging 

January 14, 1987 at 9.30 a.m. 
Middlesex Hospital Medical School, 
London 

Chairman: Professor | Isherwood. 
Speakers: Dr M. Smith, Dr G. Bydder, 
Dr B. Kendall, Professor |. Isherwood, 
Dr J.P.R. Jenkins, Professor B. 
Worthington and Professor J. J. K 
Best. 

Joint BIR/RCR meeting. 


Uroradiology Update 

January 15, 1987 at 5.30 p.m. 
Chairman: Dr D. Rickards. Speakers: Dr 
D. Rickards, Dr J. Pemberton, Dr 
C. E. L. Freer, Mr G. Watson, Dr R. 
Johnson, Dr W. Lees, Professor D. J. 
Allison. 

Joint BIR/RCR/RSM meeting. 


Radionuclide Investigations of the 
Lung . 
February 11, 1987 

Joint. IPSM/BIR (Nuclear 
Subcommittee) all — day 
organised by IPSM., 


Medicine 
meeting 





All day non-topic proffered papers 
meeting 

February 13, 1987 

Joint ARR/BIR (Radiobiology 
Subcommittee) meeting organised by 
the Association for Radiation Research. 


Picture Archiving and 
Communications Systems 

February 25, 1987 at 9.45 a.m. 
Middlesex Hospital Medical School, 
London 

Chairman: Professor |. Isherwood. 
Speakers: Mr D. Rothery, Mr C. Taylor, 
Dr W, Lees, Mr B. Bourne, Mr R. Vizy, 
Professor L. Gillanders, Mr H. Griffith, 
Mr P. Vernon, Mr C. Robertson, Mr 
Tiemann and Dr C. Greinacher. 

Topics will include image display, 
image transmission and image storage. 
All day meeting organised by Industry 
Committee. 


Annual General Meeting 
May 14, 1987 at 4.30 p.m. 


Imaging in Radiotherapy 

May 15, 1987 

Chairmen: Dr D. Thwaites and another 
to be announced. 
Joint IPSM/BIR al 
organised by IPSM. 


day meeting 


Dysphagia and Disorders of 
Swallowing 

May 20, 1987 

Royal Society of Medicine, London 
Joint RSM/RCR/BIR all day meeting to 
be organised by the RSM. 


Conversazione 
May 20, 1987 
Royal Naval College, Greenwich 
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Advance Notice 


British Institute of Radiology 45th 
Annual Congress, incorporating the 
joint BIR/RCR/RSM (Section of 
Radiology) spring meeting 


RADIOLOGY ‘87 


University of Southampton 
April 1-3, 1987 


The Congress will cover all aspects 
of  radiology—X-ray diagnosis, 
radiotherapy, radiation oncology, 
nuclear medicine, ultrasound, NMR, 
radiological physics, radiobiology, 
radiation protection and related dis- 
ciplines and is expected to include: » 
The BIR Mackenzie Davidson 
Memorial Lecture, by Professor M. J. 
Peckham, “The clinical biology of 
testicular germ cell tumours" 

The BIR Mayneord Lecture (spon- 
sored by 3M UK pic), by Dr Frances 
Fry, "Chernobyl reactor accident— 
the impact on the United Kingdom" 
The RCR George Simon Lecture, by 
Dr J. C. Batten, "Radiology and 
cystic fibrosis" 

The BIR Presidential Address, by 
Professor R. J. Berry, "The Institute 
at 90—a time for reappraisal?” 


The BIR Annual Dinner will be 


rireamh d hinn NEAR aAa a a tA N iiA ria mih iaaa ai € E RR ERR EE EM te 


held at the Polygon Hotel, 
Southampton, on April 2. 
For further information and 


registration forms please apply to the 
Assistant Secretary: Programme, The 
British Institute of Radiology. 36 
Portland Place, London W1N 4AT 
(Tel. 01-580 4085). 
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Meetings and 
courses 


As a service to our readers, the title, 
date and place of meetings and contact 
address will be inserted free of charge: 
any additional information will be 
charged at £1.75 per printed line, per 
insertion. Please contact the Managing 
Editor. 


The British Medical Ultrasound 
Society 18th Annual Scientific 
Meeting 

December 16-18, 1986 

University of Warwick, Coventry 
Further details: Mrs L. Blench, General 
Secretary, BMUS, 36 Portland Place. 
London WIN 3DG (Tel. 01-636 3714). 


6th Conjoint Winter Meeting and 
the Technologist Section 14th 
Annual Meeting 

January 30-February 4, 1987 

San Antonio, Texas, USA 

Further details: Education & Meetings 
Dept, Society of Nuclear Medicine, 136 
Madison Avenue, New York 10016, 
USA (Tel. 212-889 0717). 


Advanced Course in Diagnostic 
imaging 

February 8-13, 1987 

Singapore 

Further details: Professor Lenny Tan, 
Academy of Medicine, PO Box 694, 
Tiong Bahru Post Office, Singapore 
9116, Republic of Singapore. 


Radiation Transport Calculations 
Using EGSA 

February 16-19, 1987 

Ottawa, Canada 


Further details: D. W. ©. Rogers, 
Physics Division, NRCC, Ottawa, 
Ontario K1A ORG, Canada (Tel. 


613-993 2715). 


The Bart's MCQ Course 

February 21, 1987 

St Bartholomew's Hospital, London 
Further details: Miss V. Francis, MCQ 
Course Secretary, St Bartholomew's 
Hospital, X-ray Department, 4th Floor 
GPD, West Smithfield, London ECTA 
7BE (Tel, 01-601 8303). 


Positron Emission Tomography 
and the Chemistry of Mental 
iliness 

March 12-13, 1987 

Baltimore, Maryland 

Further details: Pamela E. Macedonia, 
Program Coordinator, Turner 22, 720 
Rutland Avenue, Baltimore, Maryland 
21205, USA (Tei. 301-955 6085). 
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1987 European Workghop on 
Magnetic Resonance in Medicine 
March 25-27, 1987 

University College, London 

Further details: Conference Secretariat, 
Magnetic Resonance in Medicine 1987, 
c/o Institute of Physical Sciences in 
Medicine, 47 Belgrave Square, London 
SW1X 80X. 


British Nuclear Medicine Society 
Annual Congress 

April 12-15, 1987 

Imperial College, London 

Further details: Mrs A. Taylor, BNMS 


Conference Secretary, 22 Leinster 
Avenue, East Sheen, London SW14 
DAP. 


The Finzi Lecture 

April 15, 1987 

Royal Society of Medicine, London 
"The solitary pulmonary nodule" by Dr 
S. Segaimann. 

Further details: Royal Society of 
Medicine, 1 Wimpole Street, London 
W1M 8AE. 


3rd European Symposium on 
Radiopharmacy and Radio- 
pharmaceuticals 

May 1-4, 1987 

Elsinore, Denmark 

Further details: Elisabeth Norbygaard, 
The Isotope Pharmacy, 378 
Frederikssundsvej, DK-2700 Brønshøj, 
Denmark. 


Conference on Health Effects of 
Low Dose lonising Radiation— 
Recent Advances and Their 
Implications 

May 11-14, 1987 

Royal institute of British Architects, 
London 

Further details: The Secretariat, British 
Nuclear Energy Society at the 
Institution of Civil Engineers, 1-7 Great 
George Street, London SW1P 3AA (Tel. 
01-630 0726). 


17th Annual Fleischner Society 
Symposium on Chest Disease 

May 21-23, 1987 

San Francisco, USA 

Further details: Nomi Feldman, 3770 
Tansy, San Diego, CA 92121, USA (Tel. 
619-453 6222). 


VI Congress of the European 
Association of Radiology 

(ECR '87) 

May 31-June 6, 1987 

Lisbon, Portugal 

Further details: Secretariat ECR ‘87. 
SPRMN, Av. Elias Garcia, 123-7" DTo, 
1000 Lisboa, Portugal, (Tel: 77-05 30. 
Telex 62074 SPRMN P). 
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Radiology of the Smail Intestine 
June 12, 1987 

John Radcliffe Hospital, Oxford 

Further details: Dr D. J. Nolan, Dept of 
Radiology, John Radcliffe Hospital, 
Oxford OX3 9DU (Tel. 0865-817 238). 


College of Radiographers' Annuai 
Conference 

July 1-3, 1987 

Scarborough 

Further details: Miss C. Aldridge, 
College of Radiographers, 14 Upper 
Wimpole Street, London W1M 8BN 
(Tel. 01-935 5726, ext. 206). 


XIVth Congress of the European 
Society of Neuroradiology 
September 8-12, 1987 

Udine, Italy 

Further details: M. Leonardi, Servizio di 
Neuroradiologia, Ospedale Civile, 
33100 Udine, italy. 


HPA Annual General Meeting and 
IPSM Scientific Meeting 
September 15-19, 1987 

Liverpool 

Further details: IPSM, 47 Belgrave 
Square, London SW1X 80X (Tel. 01- 
235 6111). 


international School on Monte 
Carlo Transport of Electrons and 
Photons Below 50 MeV 
September 24-October 3, 1987 


Erice, Sicily 

Further details: D. W. O. Rogers, 
Physics Division, NRCC, Ottawa, 
Ontario KIA ORG, Canada (Tel. 
613-993 2715) or AE. Nahum, 
Physics Department, Royal Marsden 


Hospital, Sutton, Surrey SM2 5PT (Tel. 
01-642 6011). 


5th International Congress on the 
Ultrasonic Examination of the 
Breast 

October 3-5, 1987 

New Orleans, Louisiana 

Further details: Department of 
Radiological Sciences, University of 
California Medical Center, Irvine, 
University Hospital, 101 City Drive 
South, Orange, California 92668, USA. 


4th European Conference on 
Clinical Oncology and Cancer 
Nursing 

November 1—4, 1987 

Madrid, Spain 

Further details: Siasa Congresos, Paseo 
de la Habana, 134, Madrid 28036, 
Spain (Tel. 457-4495). 
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THE BRITISH INSTITUTE OF RADIOLOGY 


RADIOLOGY ‘87 
SOUTHAMPTON 


45th Annual Congress and Exhibition, 1-3 April 1987 


Incorporating the joint spring meeting of the institute with the Royal College of 
Radiologists and the Section of Radiology of the Royal Society of Medicine. 


The meeting will cover all aspects of the radiological sciences and a wide-ranging 
programme which will be of interest not only to radiologists, radiotherapists, 
radiographers and physicists but also to many others who are involved in or connected 
with radiology. Highlights include: 


BIR Presidential Address: Professor R J Berry 
The Institute at 90-—A Time for Reappraisal? 


BIR Mackenzie Davidson Memorial Lecture: Professor M J Peckham 
The Clinical Biology of Testicular Germ Cell Tumours 


BIR Mayneord Lecture sponsored by 3M UK Plc: Dr F Fry 
Chernobyl Reactor Accident—The Impact on the United Kingdom 


RCR George Simon Lecture: Dr J C Batten 
Radiology and Cystic Fibrosis 


Poster and technical exhibition 


Ali day seminar 
Nuclear Reactor Accidents —Preparedness and Medical Consequences 


For further information and registration details please apply to: 


The Programme Office 
The British Institute of Radiology 
36 Portland Place, London W1N 4AT 
z Telephone 01-580 4085 


/ 
British Made 


Digital Subtraction Angiography 





at a Low Price 


Quantel's totally new concepts in video processing, developed 
over 15 years for the TV world, make IDIS a truly revolutionary 
product. Previously time consuming and complicated 

Ingo Roy tasks can now be performed in seconds — and you 
don't have to be a computer programmer to operate IDIS. As the 
development costs were borne by the broadcast industry the 
price for IDIS is surprisingly attractive. 

IDIS is easy to install too. All you need is a simple coaxial cable 
connected to the fluoroscopic output of your system. No air 
conditioning or special power is needed, just plug it in to a 
standard domestic socket and IDIS is ready for action. Use of high 
density multi-layered printed circuits result in a small compact 
unit — easily wheeled from room to room. 

For the technically minded, IDIS uses — Analogue/Digital 
converters to digitise signals at 10 million samples per sec; 
Recursive Video Processor for real-time noise reduction; State-of- 
the-art 32 bit vocas s eia for fast digital calculation; 168 
Mbyte Winchester disks for vast picture library; new technology 
10 Mbyte removable floppy disk cartridges. Features such as 
Matched Temporal Filtering, Spatial Filtering, Interpolated Zoom 
and Dynamic Contrast Adjustment give starting picture clarity and 
versatility to optimise accurate — 

IDIS leads the field in DSA and is backed by Quantel's world 
acclaimed service 
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Radiation Damage to Skin 


Fundamentals and Practical Aspects 


Proceedings of a Workshop held at Saclay, France, on October 9-11, 1985, organised by the 
Commission of the European Communities and the Commissariat à l'Energie Atomique de Protection 
et de Süreté Nucléaire, Fontenay-aux-Roses, France. 


Skin and underlying tissues are frequently critical structures in radiological protection. Over exposure 
to ionising radiation can cause serious long-term suffering and disability. 

Despite their practical importance, the dose-effect relationships, the pathophysiological 
mechanisms and the influence of the degree to which different tissues are involved are still poorly 
understood. 

This Workshop and Proceedings bring together those at the forefront of research in these areas 
from all over the world. They review the present state of knowledge and attempt to identify specific 
problem areas which may lead to recommendations for the improvement of radiological protection 
and for the better management of radiation accidents. 

Radiation Damage to Skin is, therefore, a vital reference work for everyone working in radiation 
protection and dosimetry. 


ISBN 0-905749-13-8 Price £18.00 including postage and packing 
ISSN 0007*1285 About 200 pp.; illustrated 


Orders to: The Publications Department, The British Institute of Radiology, 36 Portland 
Place, London W1N 3DG. Tel: 01-580 4085. 
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